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ABSTRACT
Violence in the Canyons: The Human Cost of Raiding and Warfare in Northeastern
Arizona (AD 300-1300)

by
Caryn Elizabeth Tegtmeyer
Dr. Debra L. Martin, Examination Committee Chair
Lincy Professor of Anthropology
University of Nevada, Las Vegas

Canyon de Chelly sits on the Northeastern border of the Kayenta region in Arizona.
Because of the position in which they sit, those who lived there likely lived a unique experience
when compared to the rest of the Kayenta cultural tradition, of which they are considered a part.
By examining the skeletal remains of the canyon occupants, this study is able to reconstruct the
demographic profile (age and sex), aspects of health (pathology, stature), analysis of trauma, and
aspects of labor (robusticity and entheses) to create the first, modern, complete skeletal analysis
of remains recovered from Canyon de Chelly. This collection of skeletal remains spans a very
long occupation, approximately 1000 years from AD 300-1300 and can be broken up into two
general time periods: Basketmaker and Pueblo. The specific research strategies laid out for this
research attempted to answer big picture questions about what life was like at Canyon del
Muerto and Canyon de Chelly during prehistory. These strategies focused on answering
questions regarding how trauma played into the everyday experience and how living on the
border of Mesa Verde and Chaco Canyon may have conflated the amount of violence this
population may have experienced. This violence data was then compared to data from the
American Southwest as a whole to better contextualize this trauma against other
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populations to see how the individuals at Canyon del Muerto and Canyon de Chelly were faring
in comparison.
Overall, the results from this study show that Canyon del Muerto and Canyon de Chelly
did experience levels of violence on par or greater than both their Kayenta counterparts and
many other regions in the American Southwest. It is likely that living on the border of regions
that already had an established history of violence (Mesa Verde and Chaco Canyon) led to an
increase in the level of violence we see in the canyon. The pattern of violence fits that of
cyclical raiding or short-term warfare rather than continuous warfare or cultural/ritual violence
and resulted in middle and old aged males and females experiencing the majority of the trauma
while young adults were largely absent from both the trauma and mortuary record. Those
individuals with trauma also appeared to be less healthy overall than those individuals without
trauma, as they had higher levels of porotic hyperostosis and the majority of them also had
postcranial pathology and a slightly shorter stature. These results suggest that not only are the
Kayenta more complicated and varied as a population than many researchers previously thought,
but that violence within this region, at least on the periphery did exist and at a relatively high
frequency. This is likely related to the fact that Canyon de Chelly existed on the borderland of
other cultural traditions that may have led to increased interaction and possibly violence between
neighbors.
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CHAPTER 1: THE LIMINAL STATE OF LIVING IN THE BORDERLANDS
The Greater American Southwest holds a unique place in the history of archaeology
and bioarchaeology. Archaeologically is contains some of the best preservation of habitation
areas, buildings, artifacts and burials in the U.S. Due to the long occupation of the region by
indigenous groups and the ability to study changes over time, the region has been extensively
studied by hundreds of scholars (Cordell and McBrinn 2012). The Greater Southwest roughly
extends from Las Vegas, Nevada in the east to Las Vegas, New Mexico in the west, and from
Durango, Colorado in the north to Durango, Mexico in the South (Cordell and McBrinn 2012;
see Figure 1.1). While there have been an exhaustive number of studies published on almost
all aspects of life for the people living here, there may be some sense that all of the questions
about life in agricultural communities in what is largely desert have been answered.
However, there are still many questions left to grapple with, and dissertation examines what life
was like for communities that existed at the borders of well-defined political and cultural
centers within the broader region.

Figure 1.1 Map of the Greater Southwest, borders outlined in red
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In the northeastern portion of Arizona there is an extensive canyon system known colloquially
as Canyon de Chelly (Figure 1.2). It has two major branches, Canyon del Muerto to the north
and Canyon de Chelly to the south. These canyons are unique in that they have been
continuously occupied for the better part of 2,000 years and are occupied today. Despite a
wealth of skeletal data collected from the sites within these canyon walls, information on diet
and health has not be systematically collected, analyzed and incorporated into models of
adaptation and change over time.

Figure 1.2. Map of Canyon de Chelly and its borderland areas, from Lyons 1975

Thus, the overall goal of the current research is to use state of the art observational
2

techniques and a standardized data collection practice to answer questions about how humans
cope as desert farmers. It is important to understand how these individuals lived, and how
they died, to get a better understanding about life in the past for this region and also, how it
compares to the rest of the Greater Southwest. Borderlands are regions of cultural transition,
where two (or more) cultures meet, interact, and sometimes meld to form new cultural
traditions. This interaction can be peaceful or it can be tumultuous and violent. Even today, we
see border spaces as regions where cultural interaction occurs in positive ways, but
increasingly we see a negative sphere of interaction between cultures and people at borders
and in border spaces, often ending in violence. Does this increased violence seen in
borderlands in the present mirror the past? Individuals in the past were living in marginalized
environment, often times with limited resources. These borderlands provide ample opportunity
for increased violence and pressure over resources and space by neighbors that may not have
been felt by populations living away from the border regions. This is why comparison with the
rest of the Southwest is so important; to inform researchers about the state of both the
borderlands and the insular population to see if positionality had an effect on the daily
experiences and to understand the role that violence played in cultural interaction and
borderland living.
To achieve this overall goal, this research draws on three lines of evidence. The
research strategies will be elaborated upon in Chapter 3, but are briefly stated here: 1) to
identify the patterns of disease and trauma in order to compare how well these groups were
doing vis-à-vis other groups living in the northern regions of the Southwest. 2) whether the
positioning of Canyon del Muerto and Canyon de Chelly on the borderland of smaller polities
such as Kayenta communities as well as larger political and ceremonial centers such as Mesa
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Verde and Chaco Canyon affected daily life. For example, did being at the intersection of these
other regional centers provide Canyon de Chelly communities with a buffering experience, or
did it create additional stress and violence? 3) To explore the role that nutritional stress and
occupational stress played in relation to trauma and violence. Specifically, were individuals
with stress markers and/or trauma more or less likely to live longer, and are there any patterns
related to age and sex? The purpose of this in-depth study of the canyon communities is to gain
a clearer picture of the underlying factors that are associated with increased disease and
patterns in violent interactions that lead to trauma. Evidence of trauma and violence has been
found at many sites across the American Southwest and this research contributes to that body
of scholarship by providing data from Canyon del Muerto and Canyon de Chelly.

Southwestern Culture Groups
The peoples of Canyon de Chelly and Canyon del Muerto belong to the Kayenta
Ancestral Puebloan cultural tradition of the American Southwest (a discussion on the Kayenta
follows in the next chapter). This tradition is part of the larger Ancestral Puebloan tradition that
includes several other cultural groups. In particular, this group also includes those individual
living at Mesa Verde, which is positioned north of Canyon de Chelly, and Chaco Canyon, which
is to the east (see Figure 1.2). These two cultural traditions that border Canyon de Chelly were
both immensely large and far reaching during their florescence before becoming depopulated for
reasons that are still not fully understood today. Understanding these culture areas and their
cultural history and archaeology is foundational to understanding how they interaction and what
potential impact that living on the borderlands has for the people of Canyon de Chelly.
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Mesa Verde
Mesa Verde sits in the Northern San Juan Basin in Southern Colorado, in what is known
as the Four Corners Region of the American Southwest. The earliest evidence of occupation in
this region is approximately AD 470 during Basketmaker III with farmers moving in in
significant number around AD 600 (Kohler and Varian 2012). After AD 600 this region
experienced a rapid population increase until its eventual abandonment around AD 1280
(Ortman et al 2012) The cause of this abandonment is still not known for sure, but it is thought
that the increasingly poor environment and even increasing violence was a large push factor is
causing people to migrate out of the region and seek better living situations elsewhere (Lekson
and Cameron 1995). It is theorized that many of them moved down through Canyon de Chelly
while on their way to the south, as is evidenced by the increase in the Mesa Verde presence in
this region towards the end of the Tsegi phase (1250-1300) and an increase in Mesa Verde
architecture towards the end of the 13th century (Dean 1996:35).
There is a tremendous amount of evidence for violence at Mesa Verde throughout the
course of its occupation, with entire sites showing evidence of massacres and warfare. This
violence is not only reflected in the defensive nature of the site location and site choice, but in the
structure of the architecture and within the skeletal remains, with many showing evidence of
trauma (e.g. Kuckelman and Martin 2012). Examples of sites where violence is evident include
Sand Castle Pueblo (AD 1250 to 1285) in which 2,000 human bone fragments were found by
archaeologists during excavation (Kuckelman et al 2002). These remains were in a mixture of
intentionally interred burials and those individuals who were not in interred contexts as well as
eight individuals who died violently in abandonment contexts (Kuckelman et al 2002). Castle
Rock Pueblo (approximately 1256 to 1285) was another site in which violence occurred at Mesa
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Verde. Here 1,300 bones and bone fragments were found in the archaeological context and none
of the remains found at the site were intentionally buried at the time of death (Kuckelman et al
2002). Multiple instances of antemortem and perimortem trauma were seen in the skeletal
remains at Castle Rock Pueblo and researchers have suggested that all of the violent trauma
occurred in a single event at the end of the site occupation (Kuckelman et al 2002). There is
additional evidence for anthropophagy at Castle Rock Pueblo, though the exact cause (religion,
revenge, survival) for such action can only be speculated. The overall causes for such violence in
the region remain unknown, though some speculate that it was due to the even worsening
environment causing stress and strain on resources (and people) towards the end of the 13th
century (Kuckelman et al 2002).
In terms of interaction between Mesa Verde and Canyon de Chelly, it is definitely known
that these two regions were in contact with each other. While to what extent violence may have
played a role in this interaction is unknown (and thus, this is one of the things this dissertation
intends to find out), it is known that there was exchange between the Kayenta periphery in terms
of material culture and ideas. For example, Mesa Verde artifacts were plentiful in the Canyon del
Muerto branch of Canyon de Chelly, though were less common at the more southern branch
(Dean 2002:139), and between AD 1140 and 1300 there was a mixture of classic Kayenta and
Mesa Verde architectural elements at Canyon de Chelly, including pilastered kivas (Dean
2002:140) suggesting an integrative element to the Canyon de Chelly culture.

Chaco Canyon
Chaco Canyon has always had a bit of an air of mystery surrounding it. Its very
construction seems to defy the desert environment in which it is built. The Canyon sits within the
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San Juan Basin in New Mexico and within in are nine Great Houses: Penasco Blanco, Pueblo
Alto, Kin Kletso, Hungo Pavi, Pueblo del Arroyo, Pueblo Bonito, Chetro Ketl, Una Vida and
Wijiji (Lekson et al 1988). These Great Houses were massive and the largest, Pueblo Bonito was
estimated to be able to hold approximately 650 people when it was fully constructed (Lekson et
al 1988). The function of Chaco Canyon is still up for some debate; some researchers doubt that
it was inhabited year round, suggesting it served a religious and ritual function rather that a
habitation one, or even suggesting it was a redistribution center for goods (Lekson and Cameron
1995). The sites within the canyon were constructed between AD 900 and 1150, before the
region was ultimately abandoned. Some researcher (Lekson 2015), suggest that after leaving
Chaco Canyon, the people moved north to Aztec Ruin, a site that is along the same Meridian line
as Chaco Canyon, and then moved south to the great site of Paquimé following the abandonment
of Aztec. This theory, called the “Chaco Meridian Theory” is not strongly favored.
Recent research (Harrod 2012) has shown that violence was present at Chaco Canyon,
despite previous claims that it was absent due to the elite class maintaining peace over the
general populous of the region (Lekson 2015). Violence at Chaco took a much more subtle form
than at Mesa Verde, with the elites actually the cause of much of the violence through the form
of social control and methods of structural violence that affected the non-elite class. Overall, the
non-elites suffered from higher levels of malnutrition and other subtler forms of violence than
the elite counterparts (Harrod 2012). Harrod (2012) also suggests that males of higher status
were competing for such status, which may explain the presence of non-lethal trauma among
elite males, and that elite women were buffered from violence and trauma.
In terms of interaction between Chaco Canyon and Canyon de Chelly, there is evidence
that at some point in the occupation of Canyon de Chelly, an exchange of ideas, or movement of
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people likely occurred. There is a what some believe to be a Chacoan outlier, that is a Chacoan
Great House that is outside of Chaco Canyon proper, within Canyon de Chelly (Lekson 2015).
This outlier, known as White House, or Casa Blanca is claimed to be one of the largest Chacoan
outliers (Lekson 2015), and there is evidence of significant trade activities from within (Lekson
1999). Beyond White House, there is little evidence for interaction between these two neighbors.
Evidence of exchange, either material culture or ideas is not evident elsewhere in Canyon de
Chelly, and there is no evidence that Canyon de Chelly was part of the overall Chaco
Phenomenon.

A Bioarchaeological Approach to Research
Bioarchaeological analysis provides a productive avenue for connecting age, sex, health
status, occupation and violence into an integrated analysis. Modern bioarchaeology borrows
methodologies from other subdisciplines to contextualize the skeletal data within a broader
perspective that includes getting at the factors that cause or are associated with health and
violence (Figure 1.3). Historically, the study of human remains was descriptive and
atheoretical, but newer approaches have encouraged bioarchaeological studies to integrate
more contextual information into the analyses (Martin et al 2013). The incorporation of social
theory to skeletal analysis provides a way to move from data from the skeleton to human
actions.
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Figure 1.3. An integrative approach to bioarchaeology; from Harrod 2013

Bioarchaeology has evolved into a new discipline which includes research into the
bioarchaeology of the individual and self (Sofaer 2006), gender theory (Geller 2008), violence
(Galtung 1990; Martin and Frayer 1997; Farmer 2004; Martin et al 2012), women and children
in the bioarchaeological record (Martin and Tegtmeyer 2017, Halcrow and Tayles 2011, Lewis
2006), the political lives of the dead (Verdery 2005; Fontein 2010; Perez 2012), amongst
others.
This research uses social theories from violence studies as well as borderland studies to
better understand about how living in border spaces affects the everyday experience of the
people of Canyon de Chelly and Canyon del Muerto. Specifically, this study utilizes theories
that show how borders are liminal spaces in which cultures merge and interact rather than
acting as buffer zones and dead spaces in which people refrain from venturing on a regular
basis (borderlands theory) (see for example Alvarez Jr. 1995, Lightfoot and Martinez 1995,
Wendl and Rösler 1999, Donnan and Haller 2000). Violence plays a role in many borderlands,
9

both in the past and even today (see for example Nevins 2005 and Korf and Raeymaekers
2013). These theories and how they interplay with the research questions of this research will
be expanded upon in Chapter 3.

Violence in the Ancient Southwest
Archaeological work by Earl Morris in the early 1920’s and 1930’s was some of the
first done at Canyon del Muerto and Canyon de Chelly. His work suggested that there was
violence in various sites across the canyon, in particular at a site known as Battle Cave in
Canyon del Muerto. Trauma on the skeletal remains was confirmed by Turner and Turner
(1999) who examined the burials from Battle Cave as part of a larger multi-regional study on
trauma and violence across the Southwest. The interpretation of trauma (both perimortem and
ante-mortem) on skeletal remains and its relationship to violence and interpersonal fighting
has not been really examined beyond noting its presence. Trauma and violence can be
difficult to analyze beyond finding it on skeletal remains, but new forensic techniques and
theoretical frameworks are used here to extend what can be known about the meaning of
trauma (see Tegtmeyer and Martin 2017 for an extended discussion of these new
approaches).
The location of Canyon de Chelly on the border of both Mesa Verde and Chaco Canyon
made the daily life experiences of the people who lived there unique compared to elsewhere in
the Southwest where populations may have been more isolated from other cultures and their
neighbors and this played a role in how the people from Canyon de Chelly both likely viewed
and navigated their world. Thus, while still fully part of the Kayenta cultural tradition, this
population had a unique experience compared to their Kayenta counterparts living further,
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away from the border, especially in terms of the violence they experienced in daily life. One
goal of the current study was to investigate the experience of borderland living and to see how
it may have affected the everyday living situation for the people of Canyon del Muerto and
Canyon de Chelly, especially in terms of violence that came with being in a dynamic location
that bumped up against other ethnic groups and other regional centers. Literature in the
Kayenta is increasing and data on violence is part of this growing literature. Previous research
has set the groundwork for examining how violence is at play in this region. While it has been
suggested that warfare in the Kayenta region existed (Haas and Creamer 1993), more recent
interpretations and re-examinations of the evidence suggest that this may not be the case.
Violence in the Kayenta core/heartland was actually very uncommon, and certainly did not
occur at the same levels as elsewhere in the Southwest, such as at Mesa Verde and Chaco
Canyon. There is a general lack of skeletal evidence to support high levels of violence in the
Kayenta region as a whole, and environmental arguments for the aggregation of the population
during the mid- to late-1200s, during a period known as the Great Drought when the
environment across this region declined (such as that proposed by Dean 1996) have proven to
be better fit models than due to increasing violence in the region.
There has been recorded violence at much higher levels (than the Kayenta) at both Mesa
Verde (Kuckelman et al 2012) and Chaco Canyon (Harrod 2012, 2013; see Figure 1.2). It is
possible that these regions had an influence on the level of violence seen within Canyon de
Chelly and Canyon del Muerto compared to their insular neighbors, through the likely
increased interaction. Culture exchange and the exchange of ideas occur at border spaces
(Lightfoot and Martinez 1995). Rather than being proverbial no-man zones, these lands are
considered to be spaces where interaction occurs between people of varying groups and
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populations. It is possible that this interaction was not always peaceful and that contact with
another group could increase trauma from intrapersonal violence. Skeletal data is a tremendous
source of information to reconstruct what happened in the past. Trauma is recorded on the
skeletal record with some frequency, although soft tissue trauma is missed through this analysis.
It is just a matter of capturing and analyzing the data available from the skeletal remains.
The overall purpose of this dissertation is to capture and contextualize data from the
skeletal remains from the people of Canyon de Chelly and Canyon del Muerto. Through this, the
intention is to understand how the Kayenta Ancestral Puebloan population living in the canyons
differ from their insular counterparts and how living in the canyon affects the daily life for this
population, especially in terms of how they experience trauma, violence, and health and how
being on the borderlands of larger cultural traditions may have played into these experiences.
Mesa Verde and Chaco Canyon have their own archaeological background and episodes with
violence and how this may have affected Canyon de Chelly and Canyon del Muerto is important
to understanding the history of the canyon peoples. It is likely that these cultures interacted with
each other and this interaction could have been positive or negative. To understand this cultural
interaction the skeletal remains were examined using updated standardized methodologies and
research questions. These methodologies and research questions will be discussed in later
chapters.
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CHAPTER 2: LIVING IN THE ANCIENT AMERICAN SOUTHWEST
The Greater Southwest has been the focus of intensive study for more than 200 years
and this provides a plethora of information primarily about the archaeological context. The
Kayenta region in northeastern Arizona is the homeland to groups referred to as the Ancestral
Puebloans and generally Canyon del Muerto and Canyon de Chelly are considered to be part
of the Kayenta region (AD 300-1300). The Ancestral Puebloans are one of several culture
groups that inhabited the Greater Southwest during prehistory (Figure 2.1).

Figure 2.1. Culture areas of the Southwest, from Archaeology Southwest (2013), map
by Catherine Gilman, updated by Kathleen Bader.

13

The Kayenta Ancestral Puebloans
The Kayenta region was heavily populated within its core area, often referred to as the
Kayenta homeland and it includes many well-known archaeological sites such as those at
Black Mesa, Klethla Valley, Long House Valley and Monument Valley (Dean 1996). As seen
in Figure 2.2, Canyon de Chelly and Canyon del Muerto are seated on the far eastern border of
the Kayenta Region. It is likely this locality that caused early researchers to think that the
individuals who lived within Canyon de Chelly might be part of a cultural tradition other than
that of the Kayenta. In fact, early researchers drew relationships between Canyon de Chelly
and both Mesa Verde and Chaco Canyon, its closest neighbors. Mesa Verde was especially
favorable as a possible cultural tradition for Canyon de Chelly. Erik Reed, for example,
assumed that these individuals were all of the same population, citing the people living in the
canyon as “the westernmost Mesa Verde People” (Reed 1955:56) and suggested that they
were very different from their Kayenta neighbors. Reed’s basis for this assumption was the
presence of Mesa Verde pottery in the Chinle Valley (the region that Canyon de Chelly runs
through) as well as other cultural traits which Reed suggests makes the southern portion of
the San Juan Basin (which he includes Canyon de Chelly in) a distinct Ancestral Puebloan
cultural tradition (Reed 1946:296). Other evidence also supported Reed’s argument for the
relationship between Canyon de Chelly and Mesa Verde. Mesa Verde pilastered kivas, for
example, are found within Canyon de Chelly (Dean 2002:140) and the presence of prayer
sticks, a common Mesa Verde element, have been found in Mummy Cave Tower at Canyon
del Muerto. These elements do suggest that there was some cultural interaction between Mesa
Verde and Canyon de Chelly, as would be expected at a borderlands region. As previously
mentioned, borderlands are not always buffer regions, but many times are areas in which
cultural transformation occurs.
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Figure 2.2. Map of the Kayenta Region; inset showing main sites in the heartland and
periphery
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Because of the spatial relationship between these two regions, it is not unexpected that cultural
and archaeological elements would find their way into everyday use. In fact, Dean (1996)
suggests that the Lower Lagunas and Chinle Valleys (which includes Canyon de Chelly) was a
“locus of intense interaction between the Kayenta and Mesa Verde populations; Mesa Verde
incursions into Kayenta area” (Dean 1996:31).
However, today the individuals at Canyon de Chelly are considered to be part of the
Kayenta cultural tradition, as not of Mesa Verde or Chaco Canyon. Biological distance studies
that examine the metric measurements and shapes of skulls have examined the crania from
Canyon de Chelly and compared them to many other populations across the Southwest. These
studies have confirmed that the canyon dwellers are most like the Kayenta and their Hopi
descendants (El-Najjar 1974, 1978). These studies have been supported archaeologically by the
presence of Kayenta architecture (Dean 1996) and Kayenta pottery and other artifacts present
within Canyon del Muerto and Canyon de Chelly (Dean 2002:139).
The idea that the Kayenta were the ancestors of the Hopi is not a new concept, for
example, Reed (1955:56) suggested that the Hopi language was of Kayenta decent. Likewise,
reconstructions of the pathways in which ancient Canyon de Chelly people left the Canyon
follows them to the ancestral lands of the Hopi people. For example, both the Horn people and
the Bear people travelled through Canyon de Chelly, stopping and settling down for a little
while before part or all of the population left their dwellings and traveled south. The Horn
people are said to have settled in a canyon to the east of the Hopi villages already established
(Mindeleff 1891:20-21) while the Bear people moved first to Antelope Canyon, and then to the
village of Walpi and finally settling on the very point of the mesa (Mindeleff 1891:22).
Ultimately, the cultural affiliation of Canyon de Chelly, while important, is not the
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most interesting thing about them. What makes this population most interesting is there
positioning in this liminal space on the borders of three cultural traditions, each a powerhouse
in its own right and each with its own influences and power. Navigating these lands can be
difficult for the populations that live here. Sometimes cultures clash, and being in close
proximity to others leaves you open to pressures that you may not otherwise face, such as
resource stress and violence. This is why these regions need to be analyzed and researched.
Their experiences are unique and they can tell researchers so much about cultural interaction
and spatial relationships.
The Kayenta were traditionally considered to be a more simplistic looking society
when compared to the grand architecture and socio-politically complex societies of Chaco
Canyon and Mesa Verde that bordered the region around the same time period (Geib 2011).
They were also considered to be rather insular (Ambler 1983:125), and not a center for trade
of artifacts or culture (Gummerman 1984). However, they still managed to form large
aggregated villages around the end of Pueblo III and eventually established even larger
villages in the Hopi area south of the Kayenta core at the end of the 14th century (Geib
2011:24). This way of looking at Kayenta as more simplistic and insular may be misleading,
as this dissertation will show that the population was much more variable and complicated
than originally thought, and, at least at the periphery, trade was a common occurrence, and
interaction with other cultures was likely a common fixture for daily life.

Time Periods in Kayenta Archaeology
Like the remainder of the Greater Southwest, the Kayenta Ancestral Puebloan tradition
can be broken down into two main time periods: Basketmaker and Pueblo which are then
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broken up into several sub-categories. These time periods were described best by Alfred
Kidder. A breakdown of these time periods can be found in Table 2.1.

Table 2.1. Pecos Classification; dates from crowcanyon.org; descriptions from Kidder 2000:2728
Classification Name
Basketmaker I or Early
Basketmaker
Basketmaker II or Basketmaker

Date
?-?
?-AD 400

Basketmaker III or PostBasketmaker

AD 400-700

Pueblo I or Proto-Pueblo

AD 700-900

Pueblo II

AD 900-1100

Pueblo III or Great Pueblo

AD 1100-1300

Pueblo IV or Proto-Historic

AD 1300-1600

Pueblo V or Historic

AD 1600-?

Description
Assumed pre-agricultural; now
called Archaic
Agriculture added to hunting
and gathering; no pottery; no
bow-and-arrow
Lodging in pit or slab housing;
pottery now part of cultural
tradition – undecorated
Dwellings in aboveground,
adjoining rectangular rooms of
stone; coiled-neck pottery
Corrugated pottery; sparsely
populated villages spread out
over the region
Large, occupied settlements;
elaborate and specialized arts
and crafts
Depopulation; decline in
artistic embellishment;
plainware replaces corrugated
pottery
Last stage of Pecos
Classification

For this dissertation, focus will be given to the late Basketmaker II time period through Pueblo
III. During this time, Canyon del Muerto and Canyon de Chelly were nearly continuously
occupied (El-Najjar 1974).
During the early period of occupation, it is possible that the heartland and the
periphery of the Kayenta region operated independently of each other, though they may have
18

interacted through trade. However, given the close proximity of Canyon del Muerto and
Canyon de Chelly to the Mesa Verde region, and the presence of Mesa Verde artifacts, as
discussed above, it is also likely that interaction between closer neighbors also occurred,
possibly to a greater extent than the interaction with their Kayenta peers. Theorists who study
populations at the borders have suggested that it is easier for populations to interact with
different groups that are closer to them than the same groups that are further away; this is
what creates a meld of cultures seen at many border regions (Lightfoot and Martinez 1995).
During the late Pueblo II to Pueblo III period (AD 1150-1300), however, the Kayenta
experienced a change in population settlement, with a notable aggregation to the Kayenta core
or heartland and abandonment of the periphery regions (Haas and Creamer 1993; Dean 2002).
Abandonment of the Kayenta region as a whole occurred post-AD 1300 and this is where
evidence suggests that many moved on the Hopi mesas and became the ancestors of the
modern day Hopi Nation (Mindeleff 1891:20-22), and some groups moved on further south.

Kayenta Archaeology and Bioarchaeology
Many early works in the Kayenta region that involved the excavation of skeletal
remains from sites within the Kayenta region recovered only a small number of individuals,
with only a few projects recovering large collections. For example, the Black Mesa
Archaeological Project recovered burials from a series of heartland/core sites along Black Mesa
(see Figure 2.2) resulting in 172 burials from Pueblo II-Pueblo III (Martin et al 1991).

Burials

were also recovered from the Rainbow Bridge-Monument Valley Project and the surrounding
areas of Glen Canyon (Figure 2.2) resulting in 24 individuals collected from a number of sites
within the region (Ryan 1977; Crotty 1983). Remains from Canyon del Muerto
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and Canyon de Chelly have been excavated by archaeologists and have been studied by
previous researchers (discussed below) resulting in 249 individuals currently curated at three
institutions: The American Museum of Natural History, Field Museum of Natural History, and
Arizona State University (El-Najjar 1974). Despite the availability of these remains, they have
been underutilized and have only been the focus of two major studies (El-Najjar 1974, Stone
2000). Finally, excavations at Puerco River Valley has resulted in a total of 171 individuals
from several sites just outside the southern edge of the Kayenta region (Wade 1970). Several
other sites have resulted in a handful of remains, but nothing on a large scale.
Three themes in Kayenta bioarchaeology are biological distance studies, studies relating
to health and those relating to population growth and demography. Biological distance studies
seek to find and establish biological (or genetic) relationships between different groups across
space. Corruccini (1972) was the first to examine this relationship using cranial and dental
traits in Pueblo groups, showing that Pueblo groups (including the Kayenta) generally formed a
unified group when compared to those groups from outside the American Southwest.
Roberts (1991) compared the Parowan Fremont, and the Virgin and Kayenta Ancestral
Puebloans using cranial, dental and postcranial traits and showed that these three groups were
similar (1991:129). El-Najjar (1978) examined 15 prehistoric and historic Southwestern groups
(including Canyon de Chelly) and found the data not to be statistically significant in terms of
the difference between any of the Southwestern groups and that they represent homogeneous
groups spanning all the way from Basketmaker II to Pueblo III. He also proposed that these
groups were genetically similar to the Hopi and the Zuni groups. Barbian (1991) examined the
Black Mesa skeletal collection and was able to show that individuals living on the mesa tops
(AD 900-1150) were genetically similar; and that this groups shows slight differences when
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compared to those individuals from Rio Puerco and Point of Pines (a Mogollon site).
Biodistance studies of the Kayenta set a basic groundwork for understanding the
relationship between populations and sites within this region. In particular, these studies
emphasize that Pueblo groups are related to each other, despite having different cultural
traditions and spatial living arrangements, and that they are different enough from those groups
that live further away, creating a cultural and genetic divide between the Kayenta and the larger
Ancestral Puebloans and other groups in the American Southwest. Furthermore, these studies
emphasize that there is continuity between many of those groups living in this region in
prehistory in this region and those groups living there in more recent times.
Health and disease for Kayenta region skeletal populations has been examined and
presents a useful comparison for the canyon data presented in this thesis. The Black Mesa Area
Project examined health and pathology for 172 individuals and discovered that the majority of
them experienced some form of nutritional problem. Porotic hyperostosis was present in 84.7%
of the total collection, with 10.3% of cases showing a severe expression of the condition
(Martin et al 1991:154). 85% of adults also had evidence of childhood physiological stress in
the form of linear enamel hypoplasias on the teeth (Martin et al 1991:107).
Ryan (1977) examined health over time for several sites including Puerco River Valley
and 34 other Kayenta and Sinagua sites and one historic Tusayán site for a total of 353 burials
representing Pueblo II-IV time periods. He found no statistically significant difference across
time (1977:86-97) with the exception of the two Kayenta PIII skeletal series in which he finds
a decrease in the presence of porotic hyperostosis (1977:99) suggesting this is due to infants
dying earlier rather than individuals getting healthier.
Health studies of the Kayenta are especially important for the purposes of this
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dissertation because understanding health lays a foundation for interpreting and analyzing the
pathological data that are gathered from Canyon de Chelly. What these studies have shown is
that nutritional problems are common for the Kayenta and that these health problems are
relatively stable across time and throughout the region. These studies provide a comparison
sample for health at Canyon de Chelly to see how individuals at the periphery were faring in
comparison to the core and the rest of the Kayenta region.
Population growth and demography studies are important because the population within
the Kayenta region wasn’t stable throughout the course of its occupation, but had noticeable
increases and dips in overall population size, especially as the population aggregated and
dispersed throughout the years. For example, Dean (1996:33) suggests that in AD 1100 there
were at least 2000 people living in the Kayenta region, which then increased to almost 4000 in
the early 1200’s before the region emptied around 1280. Overall, Dean (2002:125) suggests that
population size in this region increased significantly between AD 1100 and AD 1150, which
correlates to many increasing populations across the American Southwest (Euler 1988:194).
Swedlund et al (2016) provide an excellent example of the variation in population and
household size over the course of the occupation of Long House Valley, a core Kayenta site.
Using agent-based modeling, they show that this region went through a period of rapid growth
from 50 to 150 households from AD 800 to AD 1000 followed by a small decline to
approximately 100 households by AD 1150. Following this decline there was a sharp rise in the
number of households to over 200 in AD 1250 and then the region was abandoned by AD 1300
(Swedlund et al 2016:409). Ultimately, declining environment has been cited by the researchers
for the abandonment of the region (2016:422), although other researchers have suggested that an
increase in violence and warfare was the cause for the abandonment of the region at the end of
the 13th century (Haas and Creamer 1993).
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Dean (2002) suggests that neither warfare, nor the Great Drought was the cause of the
eventual abandonment of the Kayenta region, but in general that the overall environment pushed
people out, and the idea of better lives elsewhere pulled people towards other sites further away.
While Haas and Creamer (1993) make their arguments for warfare and violence during the Tsegi
phase of the Kayenta region, based primarily on the defensive nature of the architecture (e.g. the
move to cliff-dwellings) (1993:30), aggregation of the population into focal and satellite village
sites (1993:16), and minimal skeletal evidence (1993:82-84), the bottom line is that there just
isn’t enough evidence to support the idea that widespread raiding and warfare was occurring in
the core sites at any point during the Kayenta occupation.

Canyon de Chelly and Canyon del Muerto Archaeology
Literature regarding archaeology at Canyon de Chelly and Canyon del Muerto is limited.
Much of it is recorded in field notes and can be found in museum archives and in a few
published volumes including Digging in the Southwest by Ann A. Morris, which details the
archaeological investigations of Earl H. Morris and company throughout their time at Canyon
del Muerto and Canyon de Chelly. One habit of note from archaeologists is their propensity for
naming sites that feed into preconceived notions about how individuals from this canyon lived
(or died) based on preliminary examination of skeletal remains but no thorough analysis and
documentation. Two sites in particular, Battle Cave and Massacre Cave (see Figure 2.3) were
named for the supposed violent end that the people living at the site met. While trauma is found
on some of the skeletal remains found at these sites (see for example the description of remains
from Battle Cave by Turner and Turner 1999), colloquially naming sites using such negative
imagery is harmful, not only for they layperson who will visit these sites and create their own
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ideas of how the individuals from Canyon del Muerto and Canyon de Chelly lived their lives,
but also for researchers who must divorce their analysis from preconceived notions of what
they expect to find within these sites. Call a site “Battle Cave” and a researcher will expect to
find trauma and might misinterpret information to try and fit this concept into the evidence.
Even before archaeologists, explorers who came across the canyon labeled one of the branches
Canyon del Muerto or Canyon of the Dead, focusing on those who died there instead of those
who lived and flourished. This negative imagery impacts the way that these canyons are viewed
by outsiders, both researchers and those who visit the canyons, and namers must be cognizant
of that fact and the impact that these names have.

Figure 2.3. Skull labeled with the site of Massacre Cave. Courtesy of the American Museum
of Natural History
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Archaeological Excavation and the Creation of the Skeletal Collection
The Canyon del Muerto and Canyon de Chelly skeletal collection at the American
Museum of Natural History (AMNH) was donated by Earl Morris who is credited with
excavating and recovering the majority of the remains with help from additional archaeologists
(Alfred Kidder, for example, assisted on several of the excavations). Many of the field notes for
this collection are housed in the archives at the AMNH and detail the process by which Morris
and his companions located, excavated, and more importantly, chose to keep skeletal remains.
Preservation was a concern at a lot of the sites that Morris ended up excavating at: “Burial 15:
Adult, on right side, closely flexed…broken skull, undeformed…Too rotten to save” (E. Morris
1923, courtesy of the American Museum of Natural History); Burial 6: Adult on right side,
closely flexed, head to east, knees and forehead touching cliff…skull deformed; too rotten to
save” (E. Morris 1926, courtesy of the American Museum of Natural History), and as such,
many of the remains were left in the ground, or only partial remains were recovered, bringing a
sense of discontinuity to the collection. Even when collected, provenience information for
many of the skeletal remains was lacking and remains were not collected in the same
systematic way in which we excavate archaeological evidence or human remains today. Figure
4.1, for example, shows skulls collected from Tse-a-ha-tso lined up ready to be packaged and
shipped to the museum. Notice, there is a general lack of post-cranial elements, as well as any
general contextual information separating the skulls from each other.
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Figure 2.4. Skulls lined up after excavation at Tse-a-ha-tso. From Morris 1978.

Much of Morris’s attention was focused at or around Mummy Cave, a site within
Canyon del Muerto which has occupational evidence from Basketmaker II/III and Pueblo III
time periods (based on tree-ring data; Bannister et al 1966). Mummy Cave has been designated
by some researchers as a defensive village ruin based on its architectural features (Mindeleff
2008). It is generally classified as one of the largest of these type of ruins within Canyon del
Muerto and likely housed a population of approximately 60 people (Mindeleff 2008) (Figure
4.2.). The ruin is separated into a western and eastern cove connected by an intermediate ledge
and it has been suggested that the western cove was constructed and occupied at a period
subsequent to the eastern cove, as it lacks a kiva or a place where a kiva might have been
placed (Mindeleff 2008).
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Figure 2.5. Floor plan of Mummy Cave; from Mindeleff 2008

Additionally, Morris also focused a significant amount of his attention at Tse-a-ha-tso, a
cave with extensive Basketmaker occupational evidence (Bannister et al 1966). The cave itself is
located about three miles below Mummy Cave and is about 1,200 feet long (A. Morris 1978)
and was visited on multiple occasions by Earl Morris and his team. On the surface, the cave
looked as though there was little evidence of native occupation, but under the dirt was a number
of Basketmaker remains. Despite its excellent and sunny location, Tse-a-ha-tso lacked any sort
of Pueblo cliff-dwellings or evidence of Pueblo occupation of any kind (A. Morris 1978).
Morris also excavated at White House Ruin, or Casa Blanca in the 1920s (Lekson
2015). This ruin belongs both to the group of ruins classified as defensive and as home
villages located on bottom lands by Mindeleff (2008). It consist of both a bottom portion of
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rooms on the cliff floor and an upper portion that occupies the cliff overhead (Figure 4.3.).
While the size of the ruins would accommodate up to 60 people, this is likely an
overestimate, with a more conservative population being around 30 to 40 individuals
(Mindeleff 2008). There is a kiva present in the lower ruin. As mentioned earlier, this is
suspected by some researchers (Lekson 2015) to be a Chacoan outlier and possibly speaks to
their influence in this part of the region.

Figure 2.6. Floor plan of White House Ruin (left: lower part, right: upper part); from Mindeleff
2008

There is presence of adobe walls that place the occupation of this site subsequent to the sixteenth
century, possibly subsequent to the middle of the seventeenth century (Mindeleff 2008),
however, it occurs with stone walls, suggesting a continuous occupation of this site from an
earlier time period. Access to the upper ruin is only gained by the bottom ruin; evidence
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suggests that this upper portion was one of the last in the canyon to be abandoned by the
original inhabitants of the Canyon (Mindeleff 2008).
Additional ruins that Morris excavated at include Cave 1, Cave 2, Sliding Rock Ruin,
Bag House and Battle Cave (see Tables 4.2, 4.3, 4.5, and 4.6 for an full list). Battle Cave is
particularly of note because previous researchers, as well as E.H. Morris himself have
suggested that a battle, or a period of intense violence occurred at this site:
“…In one cist…there was a mass of disarticulated bones representing at least six adults, one child
half grown, one smaller child, and two babies. These bones, and others to be mentioned, shoe that a
great fight or massacre occurred here. Two adult skulls were entire; the whole face of one was
crushed in; the right base of another similarly treated and two smashed like egg shells. The larger
child’s skull was broken in around the foramen magnum and the entire base of the smaller one also
knocked in. The heads of both babies were marked. Apparently these bones lay until after time and
animals had weathered them, then were gathered up and thrown into the cist which was about a third
full of dust and refuse” (E. Morris 1929, courtesy of the American Museum of Natural History)

Other researchers, when examining the skeletal remains from Battle Cave have confirmed
Morris’s statement of violence (Turner and Turner 1999), showing evidence of perimortem
damage to the skulls, suggestions of anvil and hammer abrasions and cut marks. This
dissertation re-examines these remains as part of its analysis of trauma and violence.

Canyon de Chelly and Canyon del Muerto Bioarchaeology
The bioarchaeological literature for Canyon de Chelly and Canyon del Muerto limited,
with most research incorporating data from this population into studies much larger studies
comparing multiple populations, both Pueblo and non-Pueblo. Few studies have attempted to
utilize the complete available skeletal collection nor make this collection the focus of its
research. That is not to say that the literature that is available isn’t important. This literature is
the foundation of modern studies moving forward and highlights important information and
findings about Canyon del Muerto and Canyon de Chelly that would otherwise be unknown to
researchers.
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Canyon de Chelly and Canyon del Muerto data, for example, have been incorporated
into several studies attempting to examine the mitochondrial DNA of Native North American
groups, and have explored the possibility of grouping these populations together based on the
presence (or lack thereof) of certain haplogroups. In general, such biodistance studies have
shown a prevalence of haplogroup B among the Kayenta Anasazi, and in particular those
individuals from Canyon del Muerto. Carlyle et al (2000), for example, studied the
haplogroups from the prehistoric Anasazi and Fremont, comparing them to the modern Pueblo
and found that not only did the ancient Anasazi cluster with the modern Pueblo, based on
haplogroup frequency, but that the two prehistoric groups, Anasazi and Fremont, differed
greatly in their haplogroup prevalence (Carlyle 2000). The Kayenta DNA for this sample came
from Canyons del Muerto and de Chelly, and the authors report that, indeed, haplogroup B is
found at a high frequency at Canyon del Muerto, although the haplogroups at Canyon de
Chelly were much more variable, and included A, B, and C (Carlyle 2000:92).
O’Rourke et al (2000) also utilized Canyon del Muerto for mtDNA and haplogroup
frequency as part of a series of six skeletal groups which includes the Northern Fremont,
Anasazi, Aleut, Pyramid Lake, Stillwater Marsh, and Oneota. This study also found a high
frequency of haplogroup B among the populations from the Greater Southwest (of which the
Anasazi –and thus Kayenta, are a part), but a low to zero prevalence of haplogroup A, and low
prevalence of haplogroup D (O’Rourke 2000). This is in opposition to other North
American groups, such as those in the northern and eastern United States, where, for example,
haplogroup A is found in higher frequencies (with some exception) (O’Rourke 2000:22).
There are a few notable studies that have focused on these canyons specifically, and
prove to be important contributions. The first is a dissertation completed by El Najjar (1974)

30

that looked at the collection in its entirety. This included not only those skeleton at the
American Museum of Natural history, which are the focus of the current research, but
additional portions of the collection at Arizona State University and the Field Museum of
Natural History in Chicago (El-Najjar 1974:28). This study made two main contributions to
research about this population, aside from being the first, and only study that examined the
collection in its entirety. El Najjar examined metric and non-metric analyses of the cranium to
attempt to classify the individuals from Canyon de Chelly (here used to include both skeletons
from Canyon del Muerto and Canyon de Chelly) into a population group. Notably, he suggests
that the individuals from this population more closely align with the Kayenta and the modern
day Hopi than they do with other groups (El-Najjar 1974:125), including Reed’s Mesa Verde
Anasazi. Additionally, El-Najjar discovered an unusually high prevalence of porotic
hyperostosis (PH) among the individuals from these canyons, citing the highest frequency in
young children (El-Najjar 1974:92). Being the first and only study to examine the health of the
entire population of Canyon de Chelly, this study is groundbreaking, and sets a baseline for
future analysis.
El-Najjar followed his dissertation with several publications on specific aspects of the
bioarchaeology of Canyon de Chelly, which generally summarized his dissertation data, and
therefore will only be discussed briefly. El-Najjar (1976) examined the prevalence of porotic
hyperostosis in six prehistoric and historic Anasazi populations. He found that porotic
hyperostosis was found in all six of these populations to varying degrees, with Canyon de
Chelly (again, here representing both Canyon del Muerto and Canyon de Chelly) showing the
second highest frequency of PH overall, and the second highest frequency of children affected
by the illness (El-Najjar 1976:481). El-Najjar also found that children living in canyon
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bottoms, as opposed to other locations were more likely to experience higher frequencies of
PH (El-Najjar 1976:482).
El-Najjar (1977) examined the effect that artificial cranial deformation had on the
prevalence of Wormian bones in the lambdoid suture for three prehistoric and historic Pueblo
populations, including Canyon de Chelly (as well as Gran Quivera and Zuni). 80 fetal skulls of
varying ethnic affinity were also examined for the purposes of this study (El-Najjar 1977:157).
This study found that the number of Wormian bones was highest in those skull that lacked
artificial deformation, and lowest in the fetal skulls (157), and in asymmetrically deformed
skulls, the higher number of Wormian bones was seen in the deformed side (157).
El-Najjar (1978) examined 11 craniometric measurements for biological distance to
determine affinity and appropriate cultural tradition for 15 Southwestern Native American
populations. Importantly, for the purposes of this current research, this study confirms his
previous research regarding the relatedness of those individuals from Canyon de Chelly, the
Kayenta, and the Hopi (El-Najjar 1978:155), suggesting that Canyon del Chelly represents not
only individuals from the Kayenta cultural tradition, as evidenced by both the biological and
archaeological evidence cited by the author, but that the biological evidence confirms known
population history and movement regarding the ancestral history of the Hopi that places them in
Canyon de Chelly in the early part of their cultural tradition (El-Najjar 1978:155).
Walker (1985) examined the prevalence of anemia among the prehistoric Native groups
in the American Southwest, including the population at Canyon de Chelly (utilizing the data
from El-Najjar 1976). Walker found that porotic hyperostosis (as an indicator of anemia) is
more prevalent in children than those individuals who survive into adulthood (Walker
1985:145). However, when he considers cribra orbitalia separately from PH, Walker finds that
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this indicator becomes rare in both the children and adults from Canyon de Chelly (as well as
in the Hopi from Old Walpi) (Walker 1985:145). Walker also cites data suggesting a lack of
difference between males and females in the prevalence of PH among the ancient Native
groups in the Southwest (Walker 1985:145).
Turner and Turner (1999) examined skeletal remains from Battle Cave, a site within
Canyon de Chelly that has a recorded history of violence in the archaeological record. The
authors’ reinterpretation of the skeletal material from the cave supports previous claims by
archaeologists for this violent history, citing perimortem fracturing and possible postmortem
processing, although they state that there cannot be confirmation of cannibalism at the site, due
to a lack of intentional burning and polishing (Turner and Turner 1999:141). The authors
suggest that the 13 supposedly massacred individual supports the argument that violent conflict
was a part of daily life during the Basketmaker occupation (Turner and Turner 1999:141).
A dissertation by Pamela Stone (2000) is the last to utilize the collections of Canyon de
Chelly and Canyon del Muerto until the current research project. Stone examined eight Pueblo
sites (here Canyon de Chelly and Canyon del Muerto are separated out from each other) for the
purposes of examining the effects that gendered work patterns have on reproduction and
female mortality. This study showed that based on the presence of occupational stress markers
and metric dimension of the pelvis, Pueblo women in these populations were involved in hard
manual labor alongside their male counterparts and that both women who died young and
those women living into old age experienced constricted pelvis dimensions that likely
impacted pregnancy and birth (Stone 2000:135-136). This study also found that early mortality
in women was not correlated with occupational stress, and markers increased with advanced
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age, as they did in males as well. However, women experienced a higher instance of lesions
associated with lower back stress, which Stone suggests might be related to not only the type
of work women did, but to early pregnancies (Stone 2000:137).
The Canyon de Chelly and Canyon del Muerto literature, while not as extensive as
other places in the American Southwest, provides future and current researchers with valuable
insight into this population. The biodistance studies confirm that the individuals living in
Canyon de Chelly and Canyon del Muerto belong to the Kayenta cultural tradition, rather than
to any of the bordering groups, including those from Mesa Verde. The health studies suggests
that certain pathologies are higher in frequency than others at Canyon de Chelly and that both
males and females suffered from nutritional deficiencies at equal rates, rather than one subset
of the population suffering more than another. Additionally, the study on occupational stress
markers done by Stone (2000) suggests that both sexes were equally involved in hard manual
labor and that increased levels of occupational stress was not correlated with early mortality.
Finally, the study by Turner and Turner (1999) supports archaeological claims that violence
was a common part of life, at least during the Basketmaker occupation at Canyon del Muerto
and Canyon de Chelly. These studies lay the groundwork for this dissertation and all have an
important role in setting up future research.

Summary
The bioarchaeological research presented here is limited, however, it is pivotal in laying
the groundwork for current and future research at Canyon de Chelly and Canyon del Muerto.
Advances and standardization in the methods used to estimate the biological profile, especially
age-at-death, as well as re-defined protocol for the collection and analysis of nutritional stress
indicators opens the doors for studies reanalyzing these populations. There is a notable lack of
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trauma information, with some exception, such as the work from Turner and Turner (1999),
regarding the populations from Canyon del Muerto and Canyon de Chelly, which provides a
unique avenue for research. It is the overall goal of the current research to build upon past
research, and to provide a reanalysis of materials examined by previous authors using updated
and standardize methods and interpretations.
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CHAPTER 3: RESEARCH STRATEGIES
Three overall questions were identified as the primary goals of this dissertation research.
These research strategies are discussed below.
The first research question that this dissertation sought to answer plays into the overall
theme of this research, and it is to what extent violence and trauma played a role in the overall
experience of Canyon de Chelly and Canyon del Muerto, and furthermore how does this
experience of violence relate to elsewhere in the American Southwest? Violence has been
identified by researchers across the American Southwest (e.g. Martin et al 2010, Baustian et al
2012, Kuckelman et al 2012, Harrod 2013, Baustian 2015) and it appears to be ubiquitous
across time and space within this region. However, understanding violence is much more
complex than analyzing the presence and absence of trauma and researchers in the Southwest
have been at the forefront of incorporating social theory into their analyses.
Violence theory separates violence into three categories. The smallest, but most visible
and most recognizable form of violence is known as direct violence. This is the hits, kicks,
bumps and bruises that an individual inflicts on another individual and that can be seen by
others. This form of violence will be the focus of this dissertation. This research is interested in
analyzing the frequency of direct violence and its interpretation and intra- or interpersonal
violence and what form this violence takes within the community at Canyon del Muerto and
Canyon de Chelly. The second form of violence is known as structural violence. This is much
more subtle and is often times missed or ignored by individuals within a community. This
violence is the type of violence that keeps individuals or subsets of a population from reaching
their full potential. Forms of this violence include inequality, racism, sexism, etc. This is most
obvious in the bioarchaeological record when one subset of a population is suffering from
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nutritional deficiencies or pathologies or physical trauma more so than the remainder of the
population. The third form of violence is cultural or ritual violence. This violence is culturally
sanctioned by a given community and can include ritual killing, sacrifices, cannibalism, etc.
This is the most common form of violence and can take place in any culture or population.
This research question has two attached hypotheses. The first hypothesis has to do with
the presence of violence and trauma at Canyon del Muerto:
H1:

There will be trauma present within this population, and that is will be largely
in the form of direct violence (e.g. cranial depression fractures, broken bones,
etc.).

H0:

There will be no trauma present within this population

The second hypothesis has to do with the experiences of trauma at Canyon del Muerto and
Canyon de Chelly compared to elsewhere in the Southwest:
H0:

Trauma at Canyon del Muerto and Canyon de Chelly will be less frequent
than elsewhere in the American Southwest

H1:

Trauma will be equal to or greater in frequency than elsewhere in the
American Southwest

There exists an extensive body of data collected on trauma for the American Southwest. This
data has been collected in the same manner as the data for this dissertation using the
standardized methods that will be discussed in depth in Chapter 4. This affords the opportunity
for the direct comparison between trauma at Canyon del Muerto and Canyon de Chelly and
different communities that were occupied at similar time periods across the American
Southwest.
Comparing data across time and space allows for the contextualization of the
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information and data gathered and allows researchers to better understand how their
population is faring in relation to the rest of those populations that were around at the same
time that may have better access to resources, may have had more recorded violence, or may
have had more recorded peaceful times. By contributing to the larger picture, this
dissertation can help answer questions about the American Southwest as a whole and can
help identify patterns across time and space, rather than just offer information about one
population at one given time.
The second research question of this dissertation has to do with the positioning of
Canyon del Muerto and Canyon de Chelly on the border of Mesa Verde and Chaco Canyon.
Specifically, it seeks to answer if the positioning of Canyon del Muerto and Canyon de Chelly
on the borderland of smaller polities such as Kayenta communities as well as larger political
and ceremonial centers such as Mesa Verde and Chaco Canyon affected the overall daily life
experience within this community? Does being at the intersection of these other regional
centers provide Canyon de Chelly communities with a buffering experience, or did it create
additional stress and violence?
Positioning on the borderland comes with a unique set of cultural and physical
considerations that can affect not only the populations that live within these areas but the
researchers who are attempting the analyze and reconstruct the life histories of the people who
navigated these spaces. Borderlands are thought to be areas of cultural hybridization and areas
in which cultures connect and are transformed into new spaces of cultural manifestation
(Lightfoot and Martinez 1995). Importantly, research into borderlands are beginning to reexamine border spaces not as areas that “inhibit and constrain intercultural relationships” but
as interaction zones between different cultures and individuals from diverse and separate
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backgrounds (Lightfoot and Martinez 1995:473).
Given this view of the interaction sphere at borderlands and the assumption that the
interaction between borderland nations provided an atmosphere for the transference of cultural
ideas but did not facilitate a culture of violence between these groups, this research question
comes with one main hypothesis:
H1: Trauma at the borderlands will be equal to or less than trauma within the core
Kayenta regions and they did not experience conflated violence and stress due
to their positioning on the border.
H0:

Trauma at the borderlands will be greater than within the core Kayenta regions
and they did experience conflated violence and stress due to their positioning
on the border.

The third research question that this dissertation sought to answer involved the overall
health and nutrition of the people living at Canyon de Chelly and Canyon del Muerto.
Specifically, it asked what the role that nutritional stress and occupational stress played in
relation to trauma and violence for this population. The relationship between health,
occupational stress and nutrition has not been explored for this population. Different
researchers have examined each of these different categories separately, but no one has yet
combined these different research avenues to see how each affects the other. If there appears to
be a relationship between heath, occupational stress and trauma, it is possible that there were
individuals at Canyon del Muerto and Canyon de Chelly who were captives and forced laborers
(Martin et al 2010). Furthermore, high levels of nutritional deficiency and pathology and
trauma amongst one subset of the population could indicate structural violence, as discussed
above and possibly indicate a hierarchical structure within the social organization at Canyon
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del Muerto and Canyon de Chelly. Finally, simply understanding how these three things
interact could provide a tremendous amount of information for understanding comorbidity and
the effect that each of these could possibly have on the other.
This research question comes with three main hypotheses all relating to the interaction
of health, trauma and occupational stress:
H1:

Health will be poorer in individuals with trauma

H0:

Health will be the same in individuals with trauma and without trauma

H1:

Occupational stress markers will be greater in those individuals with trauma

H0: Trauma at the borderlands will be greater than within the core Kayenta regions and
they did experience conflated violence and stress due to their positioning on the
border.

H1:

There will be a relationship between trauma, health and occupational stress

H0:

There will be no relationship between trauma, health, and occupational
stress

These research strategies and goals were chosen to guide the overall analysis and
interpretation of the data collected from the skeletal remains from Canyon de Chelly and
Canyon del Muerto. There is so much more that can be gained from a simple analysis of the
skeletal data and the incorporation of social theory and new lenses through which to view the
data allow for new perspectives.
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CHAPTER 4 – MATERIALS AND METHODS
The UNLV Bioarchaeology Program created a data collection sheet for skeletons that
focuses on a subset of indicators of stress that are known to reveal important aspects of health,
occupational stress and trauma (see appendix C and D). This data collection strategy is
especially applicable because it has been used by other bioarchaeologists on Southwest skeletal
collections such as those at Mimbres (Baustian 2015), Chaco Canyon (Harrod 2013), Mogollon
(Baustian et al 2012), Ancestral Pueblo from Black Mesa (Martin et al 1991) and from La Plata
(Martin et al 2010). Thus there is an expanding body of comparable data from a several skeletal
collections for future comparative analyses. The value of this project is that is not only examines
Canyon del Muerto and Canyon de Chelly at the population level, but it contextualizes this
population within the larger context of the American Southwest.

Materials
The skeletal remains from Canyon de Chelly and Canyon del Muerto are housed at the
American Museum of Natural History (AMNH) in New York City, and are stored separated by
cranial and postcranial elements. The crania often times could not be re-associated with the rest
of the skeleton, even when the burial numbers could be matched given issues of commingling.
As such, these elements can only be discussed separately. Only when cranial and postcranial
remains can be confidentially re-associated will the remains also be discussed together as a
“full body”. It is also important to note that while mentioned, single elements (e.g. single right
femur, single left humerus), and groups of multiple elements that do not meet the criteria to
constitute a complete post-crania (less than 75% of the long bones present and no os coxae)
are not discussed in detailed; however, a list of these elements can be found in Appendix A.
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Canyon de Chelly and Canyon del Muerto are part of the same canyon system
(Canyon de Chelly), and are considered by many to be one population and are often times
analyzed this way (e.g. El Najjar 1974, 1978). Therefore for the purposes of this dissertation,
Canyon del Muerto and Canyon de Chelly will be discussed and analyzed together as one
population (hereby referred to simply as Canyon de Chelly). This will allow for relevant
comparisons between this population and other populations within the rest of the Greater
Southwest with a larger sample size.
Archive information was also examined for the purposes of this dissertation to attempt
to better contextualize the skeletal information and to help in the segregation of the cranial
and post-cranial remains. Field notes and accession records were consulted and information
regarding the mortuary context and recovery of the skeletal remains was gathered. Remains
were excavated by Morris and his team over several field seasons and were recovered intact
whenever possible. However, as mentioned above, this was difficult in many cases when
remains suffered from poor preservation and could not be recovered completely or at all.
Accession records detailed information about each individual skeleton that was recovered and
received by the museum and their associated catalogue numbers. These accession records
also detail site information from which each of the skeletal remains were recovered from.
Accession records appear as the following:

Table 4.1. Example of accession records, courtesy of the American Museum of Natural
History
a-d 8272
8237
8274

g.456
“
“

Four lower jaws
Skull and lower jaw, child
“
“ “
“
“
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Tseahatso, Canon del Muerto
“
“ “
“
“
“
“
“

Despite the information gathered from the field notes and the accession records, segregation
of the skeletal elements by time period was not possible from the archival material. Hence the
alternative methods of segregation for the crania and the lack of segregation for the postcrania.

Crania
The American Museum of Natural History curated the skeletal remains by placing all
of the crania in small boxes in one part of the repository, and the post-cranial remains in larger
burial drawers in another part of the museum. Thus, the data had to be collected first from all
of the crania and then all of the post-cranial remains. Later the crania were matched with postcranial remains for as many individuals as possible. For many of the analyses, it was best to
present the data for the crania separately. Presented here is an overview of crania from Canyon
de Chelly.
Overall, 154 cranial were recovered and collected for Canyon de Chelly (plus four
subadult mandibles with no associated crania). There was no associated written material that
distinguished these crania based on time period. In Earl Morris’s field notes, he mentioned
recovering Basketmaker burials, however, there was no identifying makers to distinguish which
burials these were in relation to the others in the collection. As such, these crania were
distinguished by time period based on cranial deformation. Kidder (1927) suggested early on
that cranial deformation was a Pueblo I, II and III diagnostic using the Pecos Classification.
Piper (2002:41-41) provided a good overview of the kinds of cradleboards utilized by both
Basketmakers and Pueblo people, and suggests the more extreme flattening seen primarily in
Pueblo people is the result of a shift in how cradleboards were utilized once they adopted
agriculture and a more sedentary lifestyle. Thus, while it has been used as a diagnostic to
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separate Basketmaker crania from Pueblo, it is not as accurate as dates provided by ceramics or
radiocarbon analysis, but those are not available for these collections.
Additionally, while many of these remains can be attributed to a specific site within
Canyon de Chelly (e.g. Mummy Cave, Tse-ha-ta-so), many of these sites experienced
continual occupation, some all the way from Basketmaker II through Pueblo III, so, it
becomes difficult to determine which time period a specific set of remains can be attributed to.
The detailed nature of both the field notes and the records from the American Museum of
Natural History allow for a generalization of time period, much like dating by cranial
deformation. For a detailed list of which remains (cranial) came from which site, presented on
Tables 4.2 and 4.3.

Table 4.2. List of catalogue numbers by site for Canyon de Chelly crania
Generic Canyon de Chelly

AD 350-1300

Sliding Rock House
Site 2 Miles above White
House
Foot of Slope

99/9101; 99/9102; 99/9103;
99/9104; 99/9105; 99/9106;
99/9107; 99/9108; 99/9109;
99/9110; 99/9111; 99/9114;
99/9115; 99/9116; 99/9117;
99/9118; 99/9119; 99/9120;
99/9121; 99/9122; 99/9354;
99/9355; 99/9356; 99/9357;
99/9358; 99/9360; 99/9361;
99/9363; 99/9365; 99/9367;
99/9368; 99/9369; 99/9370;
99/9371; 99/9372; 99/9373
99/8853; 99/8854; 99/8856
99/9112; 99/9113
99/9353
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Table 4.3. List of catalogue numbers by site for Canyon del Muerto crania
Site

Associated Crania

Date (based on Tree
Ring Data)
~AD 325-725

Mummy Cave
Talus of Mummy
Cave
First Side of Canyon
(E) Below Mummy
Cave
Foot of Mummy Cave
Cave 1

AD 350-1300
~AD 350-675

99/8272; 99/8273; 99/8274; 99/8275;
99/8276; 99/8277; 99/8278; 99/8279;
99/8280; 99/8281; 99/8282; 99/8283;
99/8284; 99/8285; 99/8287; 99/8289;
99/8290; 99/8295; 99/8296; 99/8298;
99/8299; 99/8302; 99/8303; 99/8304;
99/8305; 99/8306; 99/8307; 99/8308;
99/8309; 99/8312; 99/8361; 99/8368;
99/8369; 99/8370; 99/8372; 99/8375;
99/8376; 99/8388; 99/8389; 99/8390;
99/8392; 99/8860; 99/8861; 99/8862;
99/8863;
99/8286; 99/8291;
99/8293; 99/8294; 99/8366; 99/8367;

AD 350-1300

99/8301

AD 350-1300
AD 650

Cave 2
Generic Canyon del
Muerto

AD 625-675
AD 350-1300

99/8374; 99/9375
99/8292; 99/8297; 99/8310; 99/8356;
99/8357; 99/8358; 99/8360; 99/8362;
99/8364;
99/8300; 99/8311; 99/8346; 99/8355
99/8394; 99/8395; 99/8470; 99/8480;
99/8482; 99/8483; 99/8484; 99/8485;
99/8486; 99/8487; 99/9376; 99/9377;
99/9378; 99/9567; 99/9568; 99/9569;
99/9570; 99/9571; 99/9572; 99/9573;
99/9574; 99/9575; 99/9576; 99/9577;
99/9578; 99/9579; 99/9608; 99/9609;
99/9610; 99/9611; 99/9612; 99/9613;
99/9618
99/9614; 99/9615; 99/9616; 99/9617;
99/9618
99/8469
99/8473; 99/8474; 99/8475; 99/8477;
99/8478; 99/8479 99/8481
99/8859

Tse-a-ha-tso

Weaver’s Cave
Trail Canyon, Cave 1
East Trail Canyon,
Cave 3
Massacre Cave
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Thus the segregations based on time periods presented are the best approximations
available at this time and have been used by others (e.g. Stone 2000). While cranial
deformation allows for the separation between Basketmaker II/III and Pueblo I/II/III
populations, it is impossible to narrow the classification further.
While there is some tree-ring dating available for the sites in which these remains have
been found (see for example Bannister et al 1966), the continuous nature of these sites do not
allow us to pinpoint the exact time in which these individuals came from within the occupation.
Therefore, Basketmaker and Pueblo will be referred to in their broad categories, rather than
being broken down into specific timeframes (e.g. Pueblo I/II/III). A breakdown of the
individuals from each time period can be found in Table 4.4.

Table 4.4. Number of individuals by time period for Canyon de Chelly
Basketmaker
Pueblo
Unknown
Total Sample Size

65
44
45
154

For this collection there were 65 Basketmaker crania, 44 Pueblo crania and 45 individuals
whose affiliation could not be ascertained. The overall greater number of Basketmaker
individuals within the population is likely a factor of the places in which Morris chose to
excavate, many of which had known Basketmaker occupations (El-Najjar 1974). Because
there is a lack of ability to attribute them to a specific time period, the individuals whose
affiliation is unknown will be removed from future analysis of this dissertation. This brings the
total sample size of this study to 109.
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Post-crania
There were 74 sets of remains within the post-crania collection. Set of remains were
those remains with at least 75% of the long bones present in addition to a complete os coxae.
While these remains can be separated by site, similarly to the cranial remains (see Table 4.5
and 4.6), the sites themselves span across time periods and thus do not offer much in the way of
diagnostic criteria in and of themselves. Given the lack of other diagnostic criteria in terms of
time period, these remains could not be separated into Basketmaker and Pueblo like the cranial
remains, and thus will be analyzed as one population.
Crania and post-crania were able to be re-associated in several cases, although not all.
Many cases were commingled, or were lacking the opposite portion of the body (e.g. a crania
without associated post-crania, or post-crania without associated crania). In total, 60 sets of
remains could be re-associated, however only 51 of those could be associated with a particular
time period based on the diagnostic criteria for crania described above. Because not all of the
skeletal remains could be associated, it is important to examine these associated remain
separately from the post-cranial remains so that the maximum amount of data can be gathered,
analyzed and conveyed.
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Table 4.5. List of catalogue number by site for Canyon del Muerto post-crania
Mummy Cave
Cave 1

AD 350-1300
AD 650

Cave 2

AD 625-675

Tse-a-ha-tso

~AD 325-725

Talus of Mummy Cave
Foot of Mummy Cave
Generic Canyon del Muerto

~AD 350-675
AD 350-1300
AD 350-1300

99/8291
99/8292; 99/8356; 99/8357;
99/8358; 99/8359; 99/8360;
99/8362; 99/8363; 99/8364
99/8346; 99/8347; 99/8348;
99/8349; 99/8350; 99/8351;
99/8352; 99/8355
99/8361; 99/8368; 99/8369;
99/8370; 99/8371; 99/8372;
99/8373; 99/8375; 99/8376;
99/8377; 99/8379; 99/8380;
99/8381; 99/8382; 99/8383;
99/8384; 99/8385; 99/8386;
99/8387; 99/8388; 99/8389;
99/8390; 99/8392
99/8365
99/8374
99/8378; 99/8393; 99/8394;
99/8395; 99/8397; 99/8398;
99/8399; 99/8400; 99/8401;
99/8402; 99/8403; 99/8404;
99/8405; 99/8469; 99/8470;
99/8476; 99/8489; 99/8865;
99/8867; 99/9580; 99/9581;
99/9583; 99/9584; 99/9585;
99/9586; 99/9587; 99/9588;
99/9589; 99/9590; 99/9591;
99/9592; 99/9593; 99/9594;
99/9595; 99/9596; 99/9597;
99/9598; 99/9599; 99/9600;
99/9601; 99/9602; 99/9603;
99/9604; 99/9605; 99/9606;
99/9607; 99/9608
99/8473; 99/8474; 99/8475;
99/8477; 99/8478; 99/8479
99/8472
99/8858
99/9582
99/9614; 99/9615; 99/9616;
99/9617; 99/9618

East Trail Canyon, Cave 3
Trail Canyon, Cave 1
Massacre Cave
Pothole Cave
Weaver’s Cave
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Table 4.6. List of catalogue number by site for Canyon del Chelly post-crania
Generic Canyon de Chelly

99/9101; 99/9102; 99/9103;
99/9104; 99/9105; 99/9106;
99/9107; 99/9108; 99/9109;
99/9110; 99/9114; 99/9115;
99/9116; 99/9117; 99/9118;
99/9126; 99/9354; 99/9359;
99/9360; 99/9364; 99/9365;
99/9367; 99/9368; 99/9369;
99/9370; 99/9371; 99/9372;
99/9374
99/8857
99/9112; 99/9113

AD 350-1300

Sliding Rock House
Site 2 Miles above White
House
Foot of Slope

99/9353

Methods
This research systematically collected demographic, health, occupational stress and
trauma data from the entire skeleton to clarify information regarding the life and death of the
individuals from Canyon de Chelly. The specific data collected and what information it
provides is found in Table 4.7. All methodologies are non-invasive and non-destructive and
are based on direct macroscopic observation of the skeletal remains. A copy of the data
collection sheets can be found in Appendices C and D.
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Table 4.7. Skeletal indicators
Indicator
Age at death

Important for
Paleodemographics, population structure,
differential mortality
Paleodemographics, population structure,
differential mortality, warfare, raiding and
captive taking
Differential labor patters, sex specific labor,
slavery
Patterns in interpersonal conflict

Sex

Musculoskeletal stress markers
Trauma (healed and unhealed; lethal and nonlethal)
Pathology: nutritional anemia (cribra
orbitalia, porotic hyperostosis)
Pathology: non-specific infection (e.g.
periostitis)
Stature; robusticity

Quality and quantity of diet
Overall susceptibility to illness
Differential nutrition, differential morbidity,
overall health status

Age at Death
The methods used to estimate age at death vary based on whether the individual is a
subadult or an adult. For subadult individuals, age estimation will be based on dental eruption
a n d fusion of the epiphyseal plates (particularly of the long bones and the medial clavicle),
based on the methods laid out in Buikstra and Ubelaker (1994). Dental eruption, in particular,
has been proven to be particularly adept at aging individuals up to the late-teens when the third
molar fully erupts. Dental eruption is also a great age estimation tool because it is not as
sensitive to extrinsic factors as bone growth and epiphyseal closure, making it one of the most
accurate estimation tools. Epiphyseal closure is another useful method for subadult aging, as
bones grow in predictable patterns, however, this method is sensitive to environmental and
nutritional factors that may retard bone growth and development. When possible, it is
important to use all methods available when estimating subadult age at death.
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Adult age at death estimation is largely based on the degeneration of the skeleton, and
there are several methods put forward that capture this breakdown in a standardized way. The
first method involves the examination of the cranial sutures for closure and fusion following the
methods of Meindl and Lovejoy (1985). As an individual ages, the sutures of the cranium and
palate begin to close, and this degree of closure is scored. The more sutures that are closing or
closed, the older an individual typically is. Other aging methods focus on aspects of the os
coxae; in particular the pubic symphysis and the auricular surface. Todd (1920) and Brooks
and Suchey (1990) both devised methods of estimating age at death based on the
characteristics (and degeneration of the pubic symphyseal face. These methods were both used
for this analysis in order to capture to maximum amount of variation to the pubic symphysis as
possible, along with the scoring the auricular surface, from a method established by Lovejoy et
al (1985). The age estimates obtained from each of these methods were then averaged and the
most appropriate age range was taken based on all the available data.

Sex Estimation
Sex was estimated for adult individuals only. It is not appropriate, nor currently
possible, to sex subadult individuals with any sort of confidence or accuracy, therefore it was
not attempted for the purposes of this dissertation. Sex estimation in adults was first and
foremost conducted using the os coxae when present. Phenice (1969) devised a method of
three traits: the ventral arc, the medial aspect of the ischiopubic ramus, and the subpubic
concavity, which, when examined together can estimate sex with a 96% accuracy rate. Size of
the sciatic notch was also examined to assist in the process of estimating sex from the pelves,
with a wide notch signifying a pelvis that was female and a narrow notch signifying a pelvis
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that was male.
To supplement these methods, or if the os coxae were unavailable (e.g. in cases of
isolated crania), sex was estimated using features of the cranium as outlined in Buikstra and
Ubelaker (1994). These features include: the mastoid process, the nuchal crest, the supraorbital
margin, the supraorbital ridge/glabella, the mental eminence. These features were scored based
on their expression, with “1” generally being considered “no expression” and female, and “5”
being “maximum expression” and male.

Occupational Stress and Musculoskeletal Markers (Entheses)
Musculoskeletal markers, or entheses were scored in order to capture differences in
labor patterns and workloads between males and females and between different age groups.
Sites to be scored include: Pectoralis major, Deltoideus, Brachioradialis, Biceps brachii,
Triceps brachii, Brachialis, Gluteus maximus, Iliopsoas, and Quadriceps Tendon, as well as
presence and absence of a Poirier’s Facet, Posterior Cervical Imprint, Peritrochlear groove,
Squatting Facets, Accessory Facets. The sites chosen for analysis are common muscle
insertion sites on various long bones shown to vary in development with an increase in use
(and arguably physical labor). Entheses were scored following the method of Mariotti et al
(2007), on a scale from 1 to 3, with 1 broken up into three categories: a, b, and c: 1a being the
least expression, and 3 being the greatest expression of the entheseal marker. If one group
consistently shows a greater expression of entheses, this could point to a differentiation of
physical labor and could potentially point to slavery if the entheseal changes are mixed with
other factors, such as trauma and nutritional deficiencies.
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Trauma
Both lethal (perimortem) and non-lethal (antemortem) trauma were recorded as part of
this analysis. Particular focus and attention was given to trauma to the cranial vault, especially
cranial depression fractures, which were analyzed according to severity, depth, stage of
healing, and location on the skull (Walker 1989). Additional cranial and postcranial trauma
was also recorded based on severity, stage of healing, and location on the body (Wedel and
Galloway 2013).
Distinguishing between accidental violence and intentional violence to the cranium is
relatively straightforward. Recent forensic research has suggested that there is patterning to the
way in which these two types of trauma occur on an individual’s head. This patterning is
known as the “hat brim line” (HBL), which refers to the portion of the cranium above the upper
parietals, as well as the upper portion of the occipital and frontal bones (see Figure 4.4.).
According to Kremer and colleagues (2008), more intentional blows to the skull occur above
this HBL than accidental injuries to the skull that occur from falls, which are more likely to
occur within the HBL, making this demarcation a good indicator of interpersonal violence
within a community.

53

Figure 4.1. Diagram of the “hat brim line”. (From Harrod 2013, modified from Kremer et al
2008, pg. 717).

The recording and analysis of trauma is one of the pivotal aspects of this dissertation.
The presence (and absence) of trauma within a population can speak volumes, based on the
demographic characteristics of the wounded. This dissertation seeks to differentiate between
trauma caused by inter- and intrapersonal violence in order to capture the end life histories of
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the individuals living at Canyon de Chelly. Distinguishing between these two types of violent
interaction can shed light on what was happening at ground level during the daily life
interactions of these individuals. The types of trauma present can also point to what kind of
violence this population was experiencing (e.g. raiding, warfare, witch killings). Each t y p e of
violence has its own signature and by recording the trauma that we see on the skeleton, we are
better able to capture that signature and better understand what was going on.

Pathology
Pathology on the skeleton was recorded to determine nutritional status of the
individuals and the overall population of Canyon de Chelly. On the cranium, pathologies
included scoring the presence and absence cribra orbitalia and porotic hyperostosis, indicators
of nutritional anemia. These conditions are very similar conditions, so much so that in the past,
they have been discussed under the same category of simply, porotic hyperostosis. It wasn’t
until recently that researchers have begun distinguishing between the two. Previous research
done on this collection (El-Najjar 1974) did not distinguish between cribra orbitalia and porotic
hyperostosis (PH), showing a relatively high frequency of PH overall. This research will
examine these two conditions separately, as recent research has found that they may actually
have slightly different etiological origins (Walker et al 2009), as well as the fact that they affect
different parts of the cranium, with cribra orbitalia affecting the roofs of the eye orbits and
porotic hyperostosis affecting the outer table of the skull cap, usually the parietal bones. These
two pathologies were recorded based on location, severity and degree of healing.
In addition to cribra orbitalia and porotic hyperostosis, periosteal reaction (also known as
periostitis) on the postcranial skeleton was also recorded. Periostitis is a generalized response to
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infection or some other bony injury or insult and appears on the surface of the periosteum as a
buildup of woven bone and is generally caused by inflammation of the bony tissue (Ortner
2003). Periosteal reaction was recorded based on which bone was affected, size of the area
affected (whether or not the reaction was localized to one area of the bone or if it affected the
whole bone (generalized)), severity and the degree of healing.

Stature/Robusticity
Stature was estimated for the individuals at Canyon de Chelly using the method of
Genoves (1967). Stature was therefore estimated using the length of the tibia and the femur
using the formulae displayed in Figure 4.5. Stature is an important contribution to this
research because it sheds light on the terminal growth of a given population, which
researchers have suggested can correlate directly with overall health status… the taller a
population is, the healthier a population is (generally) (de Onis and Habicht 1996). By
estimating stature, we can compare the heights of this population with the heights of other
populations throughout the American Southwest and get a sense for their overall health status.
Robusticity was calculated based on the methods from Bass (2005), following the
formulae displayed in Figure 4.6. Robusticity can shed light on overall activity patterns,
similar to entheseal changes and can elucidate patterns in labor or work between males and
females or particular subgroups within a population to highlight division of labor.
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Figure 4.2. Stature formulae, based on Genoves (1967:76)

Figure 4.3. Robusticity index, based on Bass (2005:148, 225)

Summary
While the Canyon de Chelly skeletal collection present challenges in regards to
provenience and associating each individual remain to a specific time period, this research
makes serious attempts to segregate the remains into individual time periods by site
association. Minimally, this research attempts to segregate these remains into the broadest
categories of Basketmaker and Pueblo time periods to focus data analysis, which is possible for
the cranial remains based on the presence or absence of cranial deformation, but is not possible
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for the post-cranial remains. Cranial and post-cranial remains were analyzed separately, due to
the fact that they were stored segregated from each other at the AMNH. However, they were
reassociated (on paper) and analyzed together as one individual when such associations could
be made with absolute certainty based on the catalogue numbers and the absence of
commingling.
The methods chosen for data collection for this dissertation are based on scientifically
tested and standardized methods used to collect the maximum amount of data from skeletal
remains based on an established data collection manual created by the University of Nevada,
Las Vegas. In addition, these methods have been used to collect data from across the American
Southwest, and thus provide a unique opportunity to compare data sets across space to gauge
how this population fared in comparison to others within the same time periods. Data collected
included: age-at-death, sex, presence of trauma, pathology, stature, robusticity, and
musculoskeletal markers.
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CHAPTER 5: RESULTS

Demographic Reconstruction Using the Crania
Age and sex estimation were conducted on all of the adult crania within this collection;
age was estimated for all of the immature crania, however, it is not possible analytically to
determine sex on subadults using observational techniques so it was not attempted. Subadult
crania were broken down into multiple aging categories to attempt to capture as much
meaningful information as possible about these individuals: newborn (0-2), subadult (2-10) and
adolescent (10-20). There are specific periods of stress that infants and subadults experience at
particular ages (e.g. weaning) that make them particularly vulnerable, and by breaking down
these age categories, we are better able to capture that information. Age and sex reconstruction
for each time period population can be found in Tables 5.1-5.2.

Table 5.1. Age and sex categories for Canyon de Chelly Basketmakers
Male

Female

Ambiguous

Subadults

Young Adult
Middle Adult
Old Adult
Unknown Adult
Young Adult
Middle Adult
Old Adult
Unknown Adult
Young Adult
Middle Adult
Old Adult
Unknown Adult
Newborn
Subadult
Adolescent

1
15
13
3
3
4
4
0
1
4
1
1
5
7
3

Note: Late Adolescent/Young Adult = 12-15 to 35 years old; Middle Adult =
36 to 50 years old; Old Adult = 50 years old or older; Unknown = Adult 20
years or older; Subadult/Newborn = Under 12-15 years old.
Source: Tung (2007); Halcrow and Tayles (2008); Harrod 2013
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Table 5.2. Age and sex categories for Canyon de Chelly Pueblo
Male

Female

Ambiguous

Subadults

Young Adult
Middle Adult
Old Adult
Unknown Adult
Young Adult
Middle Adult
Old Adult
Unknown Adult
Young Adult
Middle Adult
Old Adult
Unknown Adult
Newborn
Subadult
Adolescent

2
5
8
1
2
4
5
1
0
0
0
0
1
13
2

Note: Late Adolescent/Young Adult = 12-15 to 35 years old; Middle Adult =
36 to 50 years old; Old Adult = 50 years old or older; Unknown = Adult 20
years or older; Subadult/Newborn = Under 12-15 years old.
Source: Tung (2007); Halcrow and Tayles (2008); Harrod 2013

There is an unbalanced distribution of males and females for the Basketmaker population, with
a higher frequency of males represented in the mortuary context. This is in juxtaposition to the
Pueblo population which displays a relatively even frequency of both males and females (see
Figure 5.1), as well as by age category (see Figure 5.2). This suggests that perhaps something
was going on during the Basketmaker time period that caused males to be overrepresented in
the mortuary context. However, it is also important to note that this could be an artifact of the
recovery process, as Morris was known to favor regions where he expected to find
Basketmaker burials (El-Najjar 1974), possibly accounting for more males due to his selection
of where to dig and which burials to excavate.
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Figure 5.1. Sex ratio by time period
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Figure 5.2. Age ratio by time period
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Trauma
Trauma of the cranium consisted mainly of cranial depression fractures (Figure 5.3)
and fractures to the fragile nasal bones of the face. This sort of trauma is a useful indicator
of violence because previous research has suggested that the head and face are particularly
vulnerable in instances of violent attacks and often times become the preferred target of
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perpetrators due to the delicate nature of the skin and bones found there, making bleeding
much more visible (Walker 1997:160). Cranial trauma is doubly severe compared to
postcranial trauma because of the relationship to the brain. Energy transfer from a blow to the
head can seriously injury an individual’s brain in a process which is known as the
countercoup-coup effect. This process occurs when the brain moves towards the site of
impact, and then away from the point of impact, resulting in severe brain injury as it impacts
the cranial vault (Dawson et al. 1980; Drew and Drew 2004).

Figure 5.3. An example of a cranial depression fracture, circled in red, at Canyon de Chelly
(Burial Number 99-8302). Courtesy of the American Museum of Natural History

Both males and females were represented in the trauma record in terms of cranial
depression fractures (see Tables 5.3. and 5.4). Interestingly, males and females switched in
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highest frequency between the two time periods with females showing a relatively high
frequency of CDFs at 54.5% in the Basketmaker population and males only showing a
frequency of 39.3%, while in the Pueblo time period males show the higher frequency at
53.3% and females show the lower frequency at 36.4%, however, the differences between both
males and females and Basketmaker and Pueblo time periods in terms of frequency of the
presence of cranial depression fractures are not statistically significant (chi-square; p=.970).

Table 5.3. Cranial depression fractures for Basketmakers for Canyon de Chelly
Age
20-35
36-50
50+
Percent of Sex

Males (n=29)
0% (0/1)
53.3% (8/15)
23.1% (3/13)
37.9%

Females (n=11)
33.3% (1/3)
50% (2/4)
75% (3/4)
54.5%

Table 5.4. Cranial depression fractures for Pueblo for Canyon de Chelly
Age
20-35
36-50
50+
Percent of Sex

Males (n=15)
50% (1/2)
40% (2/5)
62.5% (5/8)
53.3%

Females (n=11)
0% (0/2)
25% (1/4)
60% (3/5)
36.4%

These frequencies are comparable to other populations in the American Southwest, suggesting
that the borderland positioning of Canyon de Chelly made it more vulnerable to violence than
its insular Kayenta neighbors where violence is minimal. By examining Table 5.5, we can see
a comparison of cranial depression fracture frequencies from several sites across the Southwest
during the Pueblo time period to see where Canyon de Chelly falls. Most notably, when
compared to its northern neighbor, Mesa Verde (AD 800-1300), we see an overall higher
frequency of cranial depression fractures for every category with the exception of young adult
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females. It is important to note that we do have a smaller sample size, which might influence
our numbers, but it is likely that this would only affect these frequencies slightly. When
compared to its eastern neighbors, Pueblo Bonito (AD 900-1150) and Aztec (AD 11501300), we see an overall higher frequency of head wounds than at Pueblo Bonito (with the
exception of young adult females and old adult males), but lower frequencies of head
wounds than at Aztec (with the exception of young adult males, old adult males and old
adult females). What makes the argument for an increased level of vulnerability stronger is
when Canyon de Chelly is compared with a subset of the population at Black Mesa, a
Kayenta heartland site (AD 900- 1150). While the overall percentage by sex between the
two populations is the same, there is a significantly higher proportion of cranial depression
fractures at the periphery site of Canyon de Chelly when broken down by age and sex than at
the insular region of Black Mesa, giving strength to the argument that the positionality of
borderland sites may have influenced the level of violence experienced by the people living
within them.

Table 5.5. Comparison of cranial depression fracture frequency at other Southwest sites.
Data taken from Martin et al 2015
Site
Age
20-35
36-50
50+
Percent of
Sex

Mesa Verde
Male
Female
28%
62%
36%
0%
50%
33%
37%
35%

Pueblo Bonito
Male
Female
40%
9%
20%
9%
100%
25%
34%
10%

Aztec
Male
33%
44%
33%
35%

Female
28%
66%
0%
36%

Black Mesa
Male
Female
14%
9%
17%
13%
17%
11%
50%
34%

Cranial depression fractures were not singular events, and many of these individuals
experienced multiple fractures, many of which were healed, suggesting they occurred over the
course of the individual’s lifetime (see Tables 5.6 and 5.7. for a list of the number of cranial
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depression fracture by individual). Multiple blows to the head are important because they can
lead to the beginnings of a discussion on injury recidivism. In brief, injury recidivism is the
concept that once an individual gets injured, usually through a violent altercation, they
become more likely to be injured over and over again. Injuries to the head make individual
particularly vulnerable to injury recidivism because blows to the head can injure the brain,
possibly causing changes in motor function, personality, behavior, aggression, amongst other
traits (Milders, Fuchs, & Crawford, 2003; Agoston and Elsayed, 2012).

Table 5.6. Number of individuals by number of cranial depression fractures for Basketmaker;
note M=Male, F=Female
Age
20-35
36-50
50+

M1
4

F1
1
1
1

M2

F2

1
2

M3

F3

2
1

1

M4+

F4+

1

1
1

Table 5.7. Number of individuals by number of cranial depression fractures for Pueblo;
note M=Male, F=Female
Age
20-35
36-50
50+

M1

F1

1
3

1
3

M2

F2

M3

1

F3

M4+
1
1
1

F4+

There is quite a bit of repetitive trauma at Canyon de Chelly as is represented by the
individuals with multiple cranial depression fractures. Males tend to have more repetitive
trauma than females in both time periods, however, females are not immune from repetitive
trauma during the Basketmaker period, though they are not represented at all during the
Pueblo period. This suggests that there may have been other factors at work that target males
during the Pueblo period that are not present during the Basketmaker period. For example,
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raiding would cause a higher incidence of cranial depression fractures among women,
especially if they were being attacked to be subdued and captured (Martin 2010; Martin
2008a; Harrod and Martin 2014). Multiple cranial depression fractures and injuries are
common in instances of raiding, as the intent is rarely to kill but to incapacitate so that an
individual can steal goods (and many times women). If Canyon de Chelly was stuck in a cycle
of raiding from their neighbors (Mesa Verde and Chaco Canyon) this could explain the pattern
of trauma that is being seen here. Warfare, on the other hand, would show a higher incidence
of trauma amongst males, as their often times the ones who go out and fight on the front line.
Women are not excluded from the trauma record during periods of warfare, however, often
times evidence of trauma and violence are much more nuanced and subtle than that of their
male combatant counterparts (Martin and Tegtmeyer 2017). During periods of warfare there
are usually less males present in the mortuary record, as fighting takes place away from the
home base, a situation that is not present at Canyon de Chelly, as males are overrepresented
in the mortuary context.
It is likely that raiding or short-term warfare was present at Canyon de Chelly, but
unlikely that long-term warfare was present due to the overrepresentation of males in the
trauma record. Additionally, the presence of women in the trauma record suggests that
women were not buffered, but may have actually been targeted, at least during the
Basketmaker period, which strengthens the argument for raiding at Canyon de Chelly.

Health and Nutrition
To answer the question of the relationship between trauma and health, the frequency of cribra
orbitalia and porotic hyperostosis was examined in relation to the presence or absence of cranial
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depression fractures. This helped elucidate whether or not those individuals with cranial trauma
were more or less likely to also experience malnutrition and poor health than their non- injured
counterparts. This information can be seen in Tables 5.8-5.9.

Table 5.8. Frequency of cribra orbitalia and porotic hyperostosis in relation to cranial trauma for
Basketmaker
Trauma Absent or Present

Frequency of cribra orbitalia

Present
Absent

20%
22.7%

Frequency of porotic
hyperostosis
70%
56.8%

Table 5.9. Frequency of cribra orbitalia and porotic hyperostosis in relation to cranial trauma
for Pueblo
Trauma Absent or Present

Frequency of cribra orbitalia

Present
Absent

21.4%
50%

Frequency of porotic
hyperostosis
71.4%
58.1%

As the tables show, the frequency of porotic hyperostosis and cribra orbitalia vary
based on whether or not an individual has trauma. Cribra orbitalia is more common in those
individuals without trauma for both the Basketmaker and Pueblo population, although for the
Basketmaker population the frequencies are very similar. Porotic Hyperostosis is more
common amongst those individuals with trauma by quite a wide margin in both time periods.
The frequencies of these nutritional deficiencies is also higher during the Pueblo time period
than the Basketmaker time period, perhaps lending evidence to the fact that environmental
difficulties were the eventual reason for the abandonment of the region by the Kayenta
Ancestral Puebloans during the Great Drought in the last 1200s (Dean 1996).
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Demographic Reconstruction using the post-crania
The post-cranial remains for Canyon de Chelly were housed separately from the
cranial remains, and, while in some cases could be re-associated with their respective crania,
in many cases could not be due to issues of commingling and the general absence of cranial
remains. Because of this, the post-cranial remains are presented both separately from the
cranial remains, and then presented as associated cranial and post-cranial remains below.
Analytically, this presents a very challenging approach, but the nature of the sample demands
a unique examination of the material. Remains were not separated by time period due to the
fact that there were no indicators on the remains (such as the cradleboarding with the crania)
that could help segregate them and due to the fact that the archaeological field notes and
catalogue information, while detailed enough to separate postcranial remains out by site, was
not detailed enough to separate them any further than that. Therefore, for the purposes of this
analysis, this group of remains will be examined and analyzed as one population.
Age and sex was estimated for all of the postcranial remains that constituted “bodies”
for this collection. As a reminder, this dissertation defines a “body” as having at least one os
coxae and approximately 75% of the long bones present at the time of analysis. Sex was not
estimated on subadults for the reasons discussed previously in Chapter 4. Sex for the adults
was estimated based on the morphology of the os coxae. Age was estimated based on a
mixture of long bone growth for subadults and degeneration of features of the os coxae such as
the pubic symphysis and the auricular surface for adults. The breakdown of age for the
postcranial remains for Canyon de Chelly can be seen in Table 5.10.
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Table 5.10 Canyon de Chelly Bodies by Sex and Age
Male

Female

Ambiguous

Subadults

Unknown Adult

Young Adult
Middle Adult
Old Adult
Young Adult
Middle Adult
Old Adult
Young Adult
Middle Adult
Old Adult
Newborn
Subadult
Adolescent
Young Adult
Middle Adult
Old Adult

5
17
12
5
6
13
0
1
1
3
5
3
1
0
1

Note: Late Adolescent/Young Adult = 12-15 to 35 years old; Middle Adult
= 36 to 50 years old; Old Adult = 50 years old or older; Unknown
= Adult 20 years or older; Subadult/Newborn = Under 12-15 years old
Source: Tung (2007); Halcrow and Tayles (2008); Harrod 2013

There is a bias towards males within this population and towards middle and old adults
for both males and females. The overrepresentation of males in the mortuary context mirrors the
frequencies seen in the crania where males were seen more often than females. Similarly,
middle and old adult males were most commonly seen within the cranial remains likewise to
the postcranial remains. Young adults are evenly represented between the sexes and are the
least frequently see of the adult individuals. Subadult individuals are represented in the
postcranial remains, however, there presence is infrequent. This is odd given how frequently
subadult crania were found in the mortuary record. Their limited presence in the post-crania
remains could have to do with the overall problem with preservation. Subadult bones are more
fragile than their adult counterparts and could have been more likely to experience soil erosion
or damage from scavengers or other animals, and thus were just not recoverable by Morris and
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his team.

Trauma
Trauma in the postcranial record is very limited compared to the cranial remains. It
consisted mostly of fractures to the ribs and various long bones, such as the radius and ulna,
femur, and tibia. This trauma is infrequent, occurring in just 20.6% (13/63) of adult postcranial
remains, and when encountered is healed or in the process of healing, thus is mostly
antemortem trauma, with instances of perimortem trauma mixed in. Much of this trauma occurs
together and thus individuals present with multiple fractures. This is especially common in
terms of rib fractures. For a list of postcranial remains with trauma, see Table 5.11, below. As
the table shows, trauma of the post-crania is much more common amongst males than females,
and especially common amongst the Old Adult category of individuals. These individuals are
also the most likely to display multiple instances of healed trauma on the skeleton. This means
that while trauma may have occurred at Canyon de Chelly, it was rarely violent enough to
cause an individual’s death, and individuals with healed trauma still managed to live into old
age.
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Table 5.11. Trauma in postcranial remains
Sex
Male
Male

Age Category
Middle Adult
Old Adult

Male
Male

Old Adult
Middle Adult

Male
Female
Female
Male

Old Adult
Old Adult
Old Adult
Middle Adult

Male

Old Adult

Unknown

Old Adult

Female

Middle Adult

Male
Male

Old Adult
Middle Adult

Type of Trauma
Possible antemortem fracture of the left clavicle
Possible antemortem fracture of a right rib
Possible antemortem fracture of a left rib
Possible evidence of burning to the left scapula
Severe antemortem fracture to the right tibia
Severe antemortem fracture to the left tibia
Moderate antemortem fracture to the right humerus
Slight antemortem fracture to a proximal pedal phalanx
Slight antemortem fracture to the left second rib shaft
Possible fracture to the left eighth rib
Possible fracture to the right second, fourth, eighth and ninth ribs
Possible fracture vs infection to the right sixth rib
Possible cut mark vs excavation trauma to the right seventh rib
Antemortem fracture to the right ninth sternal rib end
Antemortem fracture to the left sixth sternal and vertebral rib ends
Antemortem fracture to the left seventh vertebral rib end
Perimortem fracture to the left eighth sternal rib end
Slight antemortem fracture to the right first rib shaft
Perimortem fracture to the left sixth rib shaft
Antemortem fracture to the right 4th/5th metacarpal shafts
Slight antemortem fracture to the left fourth rib
Possible slight antemortem fracture to the left twelfth rib shaft
Antemortem fracture to the distal right radius and ulna
Possible antemortem trauma vs infection to the distal femur
Possible antemortem fracture to the right tibia and fibula
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Health and Nutrition
Poor health was determined by the presence of periostitis or inflammation of the
periosteal layer of the bone. This occurred rather frequently within the population from Canyon
de Chelly. Additionally, arthritic lipping, particularly on the vertebral column was also fairly
common within this population. Periostitis, like that seen in Figure 5.4, was seen in 17.6%
(13/74) of individuals, most often seen on multiple bones and in an active state. The generalized
nature of this condition on the remains suggests a systemic infection or illness in these
individuals, rather than a localized infection on one bone or on area of the body. The
individuals whose tibias are pictured in Figure 5.4, for example, also had periostitis on the left
and right femur, left and right fibula, left humerus, left radius and left ulna.

Figure 5.4. Periostitis seen in a left and right tibia

Arthritic lipping was also seen fairly frequently within the population from Canyon de Chelly,
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occurring in 27% (20/74) of individuals, most often in the lumbar vertebrae, along with notable
arthritis on a femur and eburnation present on a dens of a C2 vertebra. This marginal lipping
varied from moderate to severe, as can be seen in Figure 5.5.

Figure 5.5. Example of arthritic lipping on the vertebrae

Additionally, at least one individual had what appears to be the beginnings of Diffuse
Idiopathic Skeletal Hyperostosis or DISH on their vertebrae (see Figure 5.6). DISH is a
pathological condition in which excess bone begins to form over at least four contiguous
vertebral bodies (Ortner 2003), giving a melted candle wax appearance on the spine.
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Figure 5.6. An example of DISH at Canyon de Chelly; side view (right) and anterior view (left)

In terms of health and trauma together, 78.6% (11/14) of individuals with trauma also
exhibited some form of pathological condition, suggesting that pathology and trauma are highly
correlated. This is much more prevalent than in the crania where the frequency of health and
trauma was much lower. In what order these occurred is not known for sure. It is possible that
trauma preceded pathology. In many cases an unhealed fracture could lead to an infection of the
bone, especially in prehistory, where the benefits of modern medicine to set and tend to
fractures was absence. It is also possible that pathology preceded trauma, especially if illness or
pathological condition made it so an individual was less able to escape in instances of
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violence within the community.

Stature and Robusticity
Stature and robusticity were examined to gather information about the overall health,
well-being and generalized workload of the population at Canyon de Chelly. Stature was
analyzed based on the length of the femur and the tibia and put into a regression formula
modeled by Genoves (1967) to give an estimate height range at time of death. This was only
done on complete, fused, undamaged bones. Stature is reported using the femur first, if
available and the tibia second in the absence of the femur. The stature reported is for the
“bodies”. Subadult individuals whose long bones were not fused are not included in these
calculations.

Overall stature varies by sex with males being typically taller than females. This is
generally unsurprising and mirrors other Southwest data (e.g. Harrod 2013, Baustian 2015), see
Table 5.12 for mean stature by sex. Males had an average stature of 164.57cm (approximately 5
feet 4 inches) and females had an average stature of 154.27cm (approximately 5 feet 0 inches)
(see Figure 5.7). In terms of where these individuals fall within the overall stature of the
American Southwest, a comparison to other sites suggests that these individuals are
approximately the same height as many other populations, for example the males and females
at Mimbres stood 162.23cm and 153.26 cm respectively (Baustian 2015), and at the site of
Carter Ranch in Arizona, males stood at 162.2cm and females stood at 147.7cm tall (Danforth
et al 1994).

75

Table 5.12 Mean stature by sex
Sex
Males
Females

Mean Stature
164.57
154.27

N
35
20

Standard Deviation
4.73
5.23

Figure 5.7. Violin plot representing stature by sex; 1=female, 3=male

In terms of the relationship between stature and trauma, there was only slight
differences in overall height between the two groups with those males without trauma
reaching an average of 2 cm taller and females without trauma reaching on average of 3 cm
taller. This could suggest that overall those individuals without trauma were healthier and that
trauma adversely affected the overall terminal potential that an individual could reach. The
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potential poor health of those with trauma based on stature mirrors the common co-occurrence
of postcranial and cranial pathological conditions with trauma that was discussed earlier in the
chapter. Perhaps experiences of trauma made an individual more susceptible to illness or
malnutrition within this community, or vice versa, perhaps illness or malnutrition made
individuals more susceptible to experiencing traumatic events.
Robusticity was calculated for the humerus and the femur and plugged into a regression
formula modeled in Bass (2005). Robusticity is a good way to determine division of labor
within a given population; for example, if one sex in much more robust than the other it may
suggest that they are participating in more physical labor than the other. Entheses or
occupational stress markers are also useful in determining the amount of strain that an
individual’s body was under during the course of their lifetime. The more physical strain on
these muscle insertion sites, the larger and more pronounced they become on the bone. For
Canyon de Chelly, there was not a very good distinction between robusticity for males and
females. Males had an average humeral robusticity index of 18.39 and an average femoral
robusticity index of 12.25. Females had an average humeral robusticity index of 18.84 and an
average femoral robusticity index of 12.29 (see Table 5.13). This suggests a limited division of
labor between the sexes as they are very nearly the same in terms of robusticity. In terms of
trauma and robusticity, there is very little difference between the mean robusticities for those
with trauma and those without trauma. This suggests there is little evidence for slavery within
this population. In the conditions of slavery we would expect trauma and robusticity to go
together as one facet of the population would be subjected to violence as well as strenuous
working conditions.
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Table 5.13. Mean robusticity by element and sex
Sex

Element

Mean Robusticity

N

Male

Femur
Humerus
Femur
Humerus

12.25
18.39
12.29
18.84

30
26
16
22

Female

Standard
Deviation
0.60
1.15
0.60
1.20

In comparison to the Southwest, they are average. For example, for the Mimbres,
average humeral robusticity for males was 18.75 and females was 18.20; average femoral
robusticity was 12.45 for males and 12.14 for females (Baustian 2015). Harrod (2013) reports
the robusticity for multiple Southwestern sites including Pueblo Bonito (Chaco Canyon):
humeral robusticity for males and females is 18.26 and 18.03 respectively, femoral robusticity
for males and females is 11.75 and 11.74 respectively; Aztec: humeral robusticity for males is
19.22 and 19.51 for females, femoral robusticity for males and females is 11.41 and 11.93
respectively; and La Plata: humeral robusticity is 18.92 and 19.25 for males and females
respectively and femoral robusticity is 12.42 and 12.38 for males and females respectively.
In terms of entheseal development and occupational stress markers, these show that
there is little to mild entheseal development amongst the population at Canyon de Chelly and
that they were likely not involved in strenuous labor. With a few notable exceptions, the
majority of entheses were scored within the 1 category (1a, 1b, or 1c) suggesting minimal
development or pronunciation on the bone. The exceptions to this include 12 individuals who
scored a 2 or 3 in the majority of entheses. All but four of these individuals were male (three
females, one unknown), suggesting that despite the fact that there is little to distinguish a
division of labor through differences in robusticity, perhaps there is still division of labor
within the community at Canyon de Chelly. One note of caution: entheses tend to become
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more robust with old age; eight of the individuals who showed more pronounced occupational
stress markers were classified as old adults. It is possible that there is a correlation between
age and the development of these markers. However, the presence of middle adults in this list
also suggests that physical labor was part of the daily life for at least some of the individuals
living at Canyon de Chelly. As far as those with trauma are concerned, a little less than half
(five) of the individuals with trauma had pronounced entheses, suggesting no correlation
between the two.

Crania and Post-crania Combined
By examining catalogue numbers, association of several of the crania with the 74
“bodies” was possible. Appendix B lists the 74 “bodies” and which ones has associated crania.
Additionally, whether or not that individual had cranial depression fractures and postcranial
trauma, as well as pathological conditions is also listed in this Appendix. As this Appendix
shows, a fair number of the “bodies” could be associated with cranial remains, totaling 60
individuals. Table 5.14 shows a breakdown of the demographic reconstruction for the cranial
and postcranial remains together. Preference for age and sex estimation was given to the os
coxae in areas where discrepancies occurred. This is due to the fact that age and sex estimation
for the os coxae is more accurate than for the crania; for example, sex estimation based on the
morphological characteristics of the pelvis has an accuracy of 96% (Phenice 1969), whereas
sex estimation from characteristics of the skull has an accuracy of only 87% (linear regression:
Walker 2008). If cranial information was absent or the individual was listed as ambiguous,
postcranial information was substituted. The exception is with subadults, as dental eruption is
more accurate than epiphyseal closure, therefore cranial age will be reported over postcranial
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age. In instances where postcranial and cranial information clearly conflicted and it is likely
that commingling took place these data were excluded from the analysis. There is almost an
even representation of males and females within the associated cranial and postcranial remains,
with the largest categories being middle and old adults. Subadults are represented, however,
their presence is minimal when compared to the cranial remains on their own.

Table 5.14 Age and sex of individuals at Canyon de Chelly (cranial and postcranial combined)

Male

Female

Ambiguous

Subadults

Young Adult
Middle Adult
Old Adult
Young Adult
Middle Adult
Old Adult
Young Adult
Middle Adult
Old Adult
Newborn
Subadult
Adolescent

5
10
10
5
6
13
0
1
0
2
6
2

Note: Late Adolescent/Young Adult = 12-15 to 35 years old; Middle Adult =
36 to 50 years old; Old Adult = 50 years old or older; Unknown
= Adult 20 years or older; Subadult/Newborn = Under 12-15 years old
Source: Tung (2007); Halcrow and Tayles (2008); Harrod 2013

Of these 60 individuals, the majority could be associated with a given time period based on the
diagnostic criteria of the cranial remains; 9 individuals could not be segregated into
Basketmaker or Pueblo and therefore will be removed from the analysis, bringing the total
sample size of individuals with both cranial and postcranial remains to 51 (see Table 5.15).
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Table 5.15. Canyon de Chelly cranial and postcranial remains by time period
Basketmaker
Pueblo
Unknown
Total Sample Size

27
24
9
60

There is almost an even representation of Basketmaker and Pueblo remains in the mortuary
context when you combine cranial and postcranial remains at Canyon de Chelly. This is in
opposition to the cranial remains alone as there was a prevalence of Basketmaker remains
present in the mortuary context. While there is a much smaller sample size of individuals
available for analysis compared to crania individually, it perhaps harks back to the old
archaeological preference for recovering skulls over postcranial remains, or it may simply be a
factor of the overall preservation of the postcranial remains. But, if Figure 5.1 shows anything,
it shows that there might have been a bias in archaeological recovery practice towards saving
skulls over postcranial remains.
Of the 51 individuals presented for analysis, 8 individuals had both cranial and post
cranial trauma, suggesting that these individuals experienced injury recidivism. These
individuals are listed in Table 5.16. While the presence of multiple cranial depression fractures
could be argument enough for injury recidivism, whether or not these occurred during the same
instance or at different times is difficult to tell when they’re all healed. However, the presence
of both cranial and postcranial trauma strengthens the argument that these instances occurred at
separate times. The presence of injury recidivism within this collection suggests that the
violence experienced at Canyon de Chelly was periodic, and not a one-time phenomenon.
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Table 5.16. List of injury recidivism at Canyon de Chelly
Sex

Age Category

Male
Female*
Female
Male
Male
Male
Female$
Male

Old Adult
Old Adult
Old Adult
Middle Adult
Middle Adult
Old Adult
Old Adult
Old Adult

Time
Period
BM
BM
BM
P
P
P
BM
P

Number
of CDFs
4
2
1
1
1
4
3
6

Postcranial
Trauma
Y
Y
Y
Y
Y
Y
Y
Y

CO
Present
N
N
Y
N
N
N
N
Y

PH
Postcranial
Present Pathology?
Y
Y
Y
N
N
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

*Sex estimation of skull showed probable male, os coxae showed female. As the os coxae is more accurate, this
sex is listed as female
$
Sex estimation is based on the skull only, sex could not be estimated from the os coxae due to
damage

An interesting pattern emerges when you examine Table 5.17 for injury recidivism. While on
the surface it appears as though injury recidivism is fairly even between males and females,
when attention is given to time period, a different picture emerges. All but one of the
Basketmaker individuals that experienced both cranial and postcranial trauma were female,
and all of the Pueblo individuals that experienced cranial and postcranial trauma were male.
This suggests, perhaps, that different mechanisms were at work during the different time
periods that caused trauma within these two communities and that might have targeted
different subsets of the population at different times. Another interesting pattern is that all of
the individuals experiencing injury recidivism at Canyon de Chelly are all Middle to Old
Adults, suggesting that, either young adults are not being targeted during these episodic
periods of violence or that the violence is not serious enough and that individuals are living
through them to an older age. Finally, every person listed in Table 5.17 also had at least one
pathological condition present, with the majority having both cranial and postcranial
pathologies occurring simultaneously, suggesting that health might have been poor for these
individuals as well. Whether this was a result of the repetitive trauma or other factors is
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unknown, but it is likely that these two things are connected.
Stature by time period shows that overall there was little difference between the
Basketmaker and Pueblo time periods (Table 5.17), with the average stature in the
Basketmaker time period (males and females pooled) at 160.13cm and the average stature in
the Pueblo time period (males and females pooled) at 160.44cm. This mirrors the overall
pathology data that suggests that health did not necessarily decline throughout time (with the
exception of the notable increase in cribra orbitalia), and that perhaps declining nutrition and
access to resources was not an overall push factor for the abandonment of the region at the
end of the 1300s.

Table 5.17. Average stature by time period at Canyon de Chelly (males and females pooled)
Time Period
Basketmaker
Pueblo

Stature
160.13
160.44

N
22
15

Standard Deviation
8.43
5.28

Summary
The skeletal remains at Canyon de Chelly present many challenges and limitations
when it comes to analysis. The major problem is that the crania and the post-crania are housed
separately from each other and must be first analyzed separately before they any of them can
be re-associated based on catalogue number, and even then, there is still several set of skeletal
remains that could not be re-associated or did not have the necessary material to constitute a
complete individual (e.g. missing associated crania or post-crania). The second major pitfall of
this collection is the lack of information regarding the time period from which these skeletal
remains come from. While it was possible to segregate the cranial remains into Basketmaker
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and Pueblo based on the presence of cranial modification from cradleboarding, this method is
not ideal, and it cannot narrow down the time period beyond such general classification.
Nonetheless, the analysis of these remain has shown some interesting patterns and revealed
some clue about the people living at Canyon de Chelly during prehistory.
The frequency of cranial depression fractures is relatively high in a quick comparison to
other populations across the American Southwest. Importantly, these frequencies are higher per
age group than the insular Kayenta population at Black Mesa, a Kayenta core site, though the
overall percentage per sex remains similar. This suggests that there is more trauma at the
periphery of the Kayenta region, particularly at that periphery which borders Mesa Verde and
Chaco Canyon than in the Kayenta heartland/core. This could be proof that the positioning on
the border of these two culture groups, both of which have trauma which has been wellrecorded by previous researchers (Kuckelman et al 2012, Harrod 2013).
In terms of health and trauma, the two appear to be somewhat linked, however, it is
likely that this correlation is not strong. Cribra orbitalia is higher in those individuals without
trauma for both the Basketmaker and Pueblo time periods, however, porotic hyperostosis
shows the opposite pattern, being higher in those individuals with trauma. This strengthens the
argument that these two pathological conditions have different etiological pathways, as they
clearly do not affect these individuals in the same way. As far as the difference between the
two time periods, the data suggest little rise in either of these conditions throughout time with
the exception of cribra orbitalia for the Pueblo individuals without trauma. Similarly, while
stature shows that males were typically taller than female, suggesting better access to
resources, there is little difference through time to suggest that there was a decline in health
between the Basketmaker and Pueblo time periods.
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Entheseal markers point to a possible division in labor with the majority of those
individuals displaying robust occupational stress markers being male; however, this result must
be read with caution as these markers tend to become more pronounced with age and in this
population the majority of individuals with these robust markers were classified as old adults.
Robusticity indexes of the humerus and femur do not strongly support a division in labor,
however, with males and females displaying very similar robustness. The overall split nature of
those individuals displaying robust entheses and those not, coupled with the presence of trauma
does not support a slavery argument for this population. The trauma patterns seen for this
population more closely resembles that of raiding or short-term warfare, which will be
discussed in further detail in the following chapter.
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CHAPTER 6: DISCUSSION
This research examined the role that liminal space and borderland living plays in the
overall life experiences of the prehistoric occupation at Canyon de Chelly, especially in terms
of increasing violence and trauma. To do this, this study combined analysis of biological
profile information and reconstruction of demographic profile and health and trauma data and
analysis with social theory and modern bioarchaeological interpretation of skeletal remains to
reconstruct and interpret what everyday life was like for the population living within the
canyon environment. The overall prevalence of violence was then compared to populations
across the American Southwest to put into context these experiences.

Biocultural Identity
Analysis of the skeletal remains for this study revealed several interesting patterns that
need to be examined in closer detail. First, it should be reemphasized that this collection spans
an incredibly long time period, approximately 1000 years from AD 300-1300, and as such
needed to be broken down into categorical time periods. This proved to be difficult given the
limitations with documentation with this collection that have been discussed previously.
Nonetheless, in terms of the cranial remains, segregating the remains was done with some
success, and 109 individuals could be associated with a particular time period (either
Basketmaker or Pueblo, further segregation into Pueblo I, II, II, or Basketmaker II or III was
not possible). This was important for analysis as it allowed for temporal comparison and a
comparison between contemporaneous populations in the American Southwest.
A majority of the skeletal remains recovered that could be segregated into a particular
time period were Basketmaker, and in the case of both time periods, the majority of remains
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were adult males, though the difference between males and females during the Pueblo time
period is much smaller than during Basketmaker. Subadults were present during both time
periods, and were seen with relative equal frequency in both time periods. This pattern of
demographic reconstruction is important because it suggests that while males may have had a
slightly higher presence in the mortuary context during the Basketmaker phase, there was likely
no factors targeting any particular group or subset of the population that was causing an untold
number of deaths amongst any one individual group. Likewise, the absence of a group from the
mortuary context would also be telling information, for example, the absence of males from the
mortuary context might be a sign of continuous warfare within the region that required males to
be away from the home environment for extended periods of time where they ultimately met
their fate, however, we do not see that at Canyon de Chelly, suggesting that continuous warfare
was not an occurrence here.
When postcranial remains were also considered, there was, again, an overrepresentation
of males in the mortuary context. Keeping in mind that the postcranial remains were not
segregated by time period due to the lack of diagnostic factors available to do so, all 74
“bodies” were available for analysis. Once again, subadults were also represented in the
mortuary context, though to a lesser extent than the adult individuals. The lack of subadult
postcranial remains is somewhat perplexing given the presence of the cranium in the mortuary
context, but as mentioned previously, this could be due to the fact that subadult remains are
much more fragile than adult remains and did not survive in the depositional environment.
When cranial and postcranial remains were considered together, for a total of 51
complete individuals. There was a fairly even split between Basketmaker and Pueblo time
periods, with a slight majority belonging to the Basketmaker time period, and a majority of
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these individuals were middle to old adults, mirroring the age estimations from the cranial and
postcranial remains separately, which one would expect. The older ages of those individuals in
the mortuary context suggests that there is little stress for young adults, either males or females
at Canyon de Chelly, and that individuals are living to old age within this population.

Considerations of Violence and Border Space
Violence across the American Southwest is a common phenomenon. It has been
recorded by researchers at Chaco Canyon (Harrod 2013), Mesa Verde (Kuckelman et al 2012),
Grasshopper Pueblo (Baustian et al 2012), La Plata (Martin et al 2010), Black Mesa (Martin et
al 2015), amongst several other sites which would be too numerous to list here. The ability to
compare and contrast these studies to gain a better understanding of violence within Canyon de
Chelly is a strength and a goal of this research. Cranial depression fractures are the most
comparable and contrastable form of violence throughout the Southwest and they are certainly
present within the canyon community at Canyon de Chelly. Additionally, this ability to
compare violence at Canyon de Chelly with other sites will allow for a better understanding of
how violence affected the everyday lives of the people at Canyon de Chelly compared to the
people at the more insular Kayenta sites, and to see whether or not living in the borderlands
had an increased effect on overall violence.
Cranial depression frequency was fairly high amongst both Basketmaker females
(54.5%) and Pueblo males (53.3%). Interestingly, young adults are rarely affected by this type
of trauma suggesting that there are few violence factors acting on this population subset. This
mirrors postcranial trauma where trauma was absent from young adult remains. In comparison
to other sites in the American Southwest (see Martin 2008b), particularly those sites in which
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Canyon de Chelly borders, violence within the canyon is much higher overall, during the
pueblo period, at least for males at 53.3% (Table 6.1). Females at Canyon de Chelly fall right
into the middle of Southwestern sites in terms of percent of cranial depression fractures by sex
at 36.4% (Table 6.2).

Table 6.1. Comparison of cranial depression fracture frequencies at other Southwest sites for
Pueblo males, other site data from Martin 2008b
Site
Canyon de
Chelly
Mesa Verde
Pueblo Bonito
(Chaco Canyon)
Aztec
Point of Pines
Grasshopper
Turkey Creek
La Plata
Black Mesa
Galisteo Basin

20-35
50%

36-50
40%

50+
62.5%

Percent by Sex
53.3%

28%
40%

36%
20%

50%
100%

37%
34%

33%
75%
60%
20%
33%
14%
100%

44%
57%
40%
24%
6%
17%
50%

33%
33%
46%
9%
0%
17%
0%

10%
57%
47%
19%
23%
50%
33%

Table 6.2. Comparison of cranial depression fracture frequencies at other Southwest sites
for Pueblo females, other site data from Martin 2008b
Site
Canyon de
Chelly
Mesa Verde
Pueblo Bonito
(Chaco Canyon)
Aztec
Point of Pines
Grasshopper
Turkey Creek
La Plata
Black Mesa
Galisteo Basin

20-35
0%

36-50
25%

50+
60%

Percent by Sex
36.4%

62%
9%

0%
9%

33%
25%

35%
10%

28%
63%
43%
29%
50%
9%
11%

44%
44%
5%
6%
75%
13%
56%

33%
26%
21%
0%
11%
60%

35%
60%
26%
15%
60%
34%
27%
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In terms of comparing Canyon de Chelly with insular Kayenta region sites, the best
example of that that we have is Black Mesa, which is considered a Kayenta heartland or core
region. While the overall percentage by sex of the cranial depression fractures are very similar
with Canyon de Chelly showing only a slight increase in the frequency of trauma in
comparison to Black Mesa, there is a significant difference in each age category by sex, with
Canyon de Chelly showing higher frequencies in each category, with the exception of young
adults. This suggests that violence at Canyon de Chelly may be higher for middle and old
adults than at Black Mesa. If in fact interaction took place between Canyon de Chelly and its
neighbors, Mesa Verde and Chaco Canyon, it is possible that this higher level of violence was
due to possibly due to the fact that it is so close to Mesa Verde and Chaco Canyon, regions
where violence is also high.
Trauma at Canyon de Chelly is also not a singular event, and occurs in a repetitive
cycle, with several individuals showing signs of injury recidivism, either in the form of
multiple cranial depression fractures or a combination of cranial and postcranial trauma. This,
coupled with the fact that trauma is occurring in old aged individuals and is mostly healed,
suggests that the violence that is occurring is not lethal with the intent to kill. It is likely the
result of raiding where the intent is to incapacitate your victim rather than to kill them. The
overrepresentation of middle to old adult males in the population could suggest warfare, as the
absence of young adult males in the mortuary context is often times a sign of males dying away
from the homestead due to warfare (Kohler and Turner 2006). However, there is also a lack of
young adult females. This could point to a general lack of young adults in the mortuary record,
rather than warfare. Kohler and Turner (2006) also suggest that a lack of females represented in
the mortuary context could point to raiding for women within a population. This might make
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there appear to be an overrepresentation of males. Canyon de Chelly does have a general lack
of females in their mortuary context, and the cranial trauma on both males and females is a
very common indicator of raiding. It is possible that Canyon de Chelly was suffering not only
from raiding for resources, but raiding for its women as well.

Considerations of Health
Overall, health at Canyon de Chelly was generally adequate. That is said in the sense
that while there were several pathologies observed, individuals were still, generally living to
middle or old adulthood and generally not dying from these pathologies. There were subadults
in the mortuary context, as would be expected in any prehistoric population, but the number of
teenagers and young adults was small. Porotic hyperostosis was fairly frequent for both the
Basketmaker and Pueblo populations (those with trauma and those without trauma – although
it was more common in those individuals with trauma). Cribra orbitalia was less frequent in
both populations. Periostitis was also fairly frequent as was arthritic lipping, especially of the
vertebral column (while this isn’t a nutritional stress indication it is a pathological condition).
In terms of health and postcranial trauma together their seemed to be a fairly strong linkage
with 78.6% of individuals with trauma also having a postcranial pathology.
In terms of stature, often times used as a measurement of overall health status, males
were generally taller than females by quite a few centimeters (approximately 10cm), suggesting
that males had better access to resources than females and were better able to reach their
terminal stature. As far as stature and trauma are concerned, there were only slight differences
in stature between those individuals with trauma and those individuals without trauma,
suggesting that while trauma could play a slightly impeding role in the overall attainment in
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terminal potential stature, however the difference in stature is only a few centimeters for both
males and females.
Overall, those without trauma appear to be healthier, they are in general less likely to
have nutritional stress pathologies and are more likely to reach their full stature potential. This
again leads to the argument of what causes what, is trauma more likely to lead to pathologies
and poor health that limit your growth potential or is illness and limited growth potential more
likely to lead to traumatic injury. We do know that traumatic brain injury is more likely to lead
to differences in health and behavior, it is possible that this injury could lead someone to lead a
lifestyle that makes them unhealthy due to compromised mental facilities. This would makes
sense as a cause and effect factor and would explain the relationship between health and trauma
in this population.

Revisiting the Research Strategies
Looking back on the three research strategies established at the beginning of this project,
it is now possible to discern whether or not this dissertation was successful in completing what
it set out to do and to see if the hypotheses set forth in the beginning of this dissertation could
be confirmed by these data collected. The first research strategy was to identify the patterns of
disease and trauma in order to compare how well these groups were doing vis-à-vis other
groups living in the northern regions of the Southwest. Violence likely played a somewhat
significant role in the daily life experiences at Canyon de Chelly and Canyon del Muerto,
possibly through cyclical raiding or short term warfare. Both the male and female population
of the Basketmaker and Pueblo individuals living in the canyon experienced some violence.
The hypothesis that this population experienced violence during the course of its
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occupation holds true, as does the portion of the hypothesis stating that it would be mostly
direct violence we witness within this population. There is little evidence for a hierarchical
structure or discrepancies in health, trauma, or stature and robusticity that might suggest social
control, coercion or structural violence and no evidence for cultural or ritual violence within
this community.
The second hypothesis for this research question looking at how the population at
Canyon de Chelly fared in comparison to the remainder of the American Southwest does not
hold true. This hypothesis assumed that trauma rates would be similar to the core Kayenta
region and would be less than the bordering regions and the remainder of the Southwest. The
trauma rates experienced by Canyon de Chelly were often times higher than the rest of the
American Southwest, especially in terms of the Pueblo males, in which they were the highest
overall frequency of all of the Southwest sites examined. The Pueblo females were about
average in terms of trauma rates, but were higher than some sites. Trauma rates were high for
this site, and were higher than their Kayenta core/heartland counterparts.
The second research strategy was to explore if the positioning of Canyon de Chelly and
Canyon del Muerto on the borderland of smaller polities such as Kayenta communities as well
as larger political and ceremonial centers such as Mesa Verde and Chaco Canyon. Does being
at the intersection of these other regional centers provide Canyon de Chelly communities with
a buffering experience, or did it create additional stress and violence? Experiences of violence
within the Kayenta periphery, at least at Canyon de Chelly and Canyon del Muerto was
possibly conflated due to its positioning on the border and its exposure to new cultures in
which violence was already prevalent. Since interaction between these cultures already
occurred, it is possible that this interaction could have included raiding and short-term warfare,
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thus increasing the level of violence seen at the Kayenta periphery. While the overall percent by
sex of trauma was the same when comparing Black Mesa and Canyon de Chelly, trauma was
higher for middle and old adults for males and females at the periphery.
The hypothesis that trauma frequency would be the same at the periphery that at the
core/heartland due to being positioned on the border did not hold true based on the data
gathered throughout the course of this study. Interaction with neighboring groups at the
borders is more likely when a group is positioned far away from the rest of the members of
their own group (Lightfoot and Martinez 1995), and it is likely that interaction did take place
between Canyon de Chelly and Mesa Verde, its northern neighbor, based on artifacts found in
the canyon. It is also possible that this increased levels of both intra- and interpersonal
violence over access to resources and goods and that this is what is reflected in the trauma
record. It is suggested that there was a decline in the overall environment at the end of the 13th
century that ultimately caused the abandonment of both regions, but it is possible that this
decline in the environment also led to an increase in interaction between the regions, as can be
seen by the increase in artifacts towards the end of the occupation (Euler 1988) This increase in
interaction could have led to an increase in violence at the periphery that was absent at the
core.
The third research strategy was to explore the role that nutritional stress and occupational
stress played in relation to trauma and violence. That is, were individuals with stress markers
and/or trauma more or less likely to live longer, and are there any patterns related to age and
sex? The relationship between health and trauma was present to an extent. In terms of cranial
pathologies, there appeared to be a relationship between those individuals with porotic
hyperostosis and those individuals with cranial depression fractures, as it is more common in
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those with trauma than those without. In terms of postcranial trauma, the two seemed to be
linked, with 78.6% of those individuals with postcranial trauma also experiencing some form of
postcranial pathology. What relationship these two have is unknown. Whether or not the trauma
led to the pathology or the pathology led to the trauma is debatable.
The first hypothesis appears to hold true to some extent, that those individuals with trauma
tend to be less healthy than those individuals without trauma, or at the very least that there
seems to be a relationship between poor health and trauma (hypothesis 3). A majority of the
individuals with trauma also had both cranial and post-cranial pathologies, suggesting that they
were also ill or malnourished to some extent. However, there were also pathologies present in
those individuals without trauma, so it is not just this subset of the population that is suffering,
they are just suffering more.
The second hypothesis does not hold true. There is no relationship between trauma and
occupational stress markers. In fact, there does not appear to be a strong relationship between
occupational stress markers and anything. Both males and females were equally robust and both
sexes showed pronounced entheses when present. Trauma had no effect on the presence of
pronounced entheses or robustness of the skeleton. This suggests that forced labor was not a
role that any subset of the population played at Canyon de Chelly. In cases of forced labor and
captivity, you would expect to see one subset of the population with pronounce occupational
stress markers, trauma and pathologies (Martin 2010), which we do not have.
This leads us into hypothesis 3. There is no relationship between trauma, health and
occupational stress markers. Thus, hypothesis 3 does not hold true. While, as discussed, there
may be some relationship between health and trauma, there is no relationship between health or
trauma and occupational stress markers. That is not to say that these three things do not impart
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important information independently, and the lack of a relationship between the three is equally
as telling about the population as if there were one. There likely wasn’t a strong division of
labor between the sexes at Canyon de Chelly, and those that were ill or previously injured were
no more or less likely to experience increased workloads.

Summary
Biological data from Canyon de Chelly reveal a lot about the processes that were going
on at ground level for this population. It is now know that this population was experiencing
some level of violence on a fairly regular basis and it is likely that it was in the form of cyclical
raiding for resources and women or short-term warfare with their borderland neighbors.
Violence here is higher than in many places in the American Southwest, including the insular
Kayenta heartland. This may be due to the fact that Canyon de Chelly is located on the border
of two larger cultural traditions, Mesa Verde and Chaco Canyon. There was interaction between
Canyon de Chelly and these two regions and it is possible that this interaction was not always
positive. Living in a border space does not always protect you from those that live around you.
Proverbial “no-man” lands and buffer zones between neighboring groups don’t always exist
and often times these spaces act as areas where cultures interact and new cultural ideas and
partnerships merge and grow. But sometimes these regions also pave the way for an increase in
intrapersonal violence, and it is possible that this is what happened at Canyon de Chelly.
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CHAPTER 7: CONCLUSION
Previous research at Canyon de Chelly, while groundbreaking, is limited. Much of it
has either been focused on a very particular aspect of the culture and population or it could
stand for reanalysis using updated methodologies, techniques, and theories. The overall goal
of this dissertation research was not only to provide the first modern interpretation of the daily
life for the population at Canyon de Chelly, but also to help readers understand what life was
like for individuals living at the borderland and how that effects the everyday experience. In
this, this research, hopefully, has been successful. To achieve this goal, this study had three
major research strategies:
1. To identify the patterns of disease and trauma in order to compare how well these
groups were doing vis-à-vis other groups living in the northern regions of the
Southwest.
2. To explore how the positioning of Canyon de Chelly and Canyon del Muerto on the
borderland of smaller polities such as Kayenta communities as well as larger political
and ceremonial centers such as Mesa Verde and Chaco Canyon affected daily life. Does
being at the intersection of these other regional centers provide Canyon de Chelly
communities with a buffering experience, or did it create additional stress and violence?
3. To explore the role that nutritional stress and occupational stress played in relation to
trauma and violence. That is, were individuals with stress markers and/or trauma more
or less likely to live longer, and are there any patterns related to age and sex?
These strategies attempt to answer questions in the literature that have been under researched
including analysis of trauma and a comparison of Canyon de Chelly with the remainder of the
American Southwest to see how it fares in relation to other populations in time and space. In
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this, this research has been successful as it has used standardized data collection methods to
collect, and report demographic data, health, and trauma for Canyon de Chelly and use new
perspectives through the lens of modern bioarchaeology to analyze these data in a manner
much more informative that simply reporting frequencies. This research has attempted to bring
new views into how these data can be interpreted including through the use of violence theory
and borderlands theory to understand how the individuals at Canyon de Chelly were living
their lives every day.

Implications of this Research
The implications of this research have to do with life in border spaces. In addition to
violence being higher at the periphery of the Kayenta region, this violence did not increase in a
vacuum. It increased at an intersection of several different communities and cultures, and this
likely played a significant role in the kinds of violence seen at Canyon de Chelly and their daily
experiences with it. These data suggest that raiding or short-term warfare were present at
Canyon de Chelly based on the presence of repetitive, non-lethal trauma, the overrepresentation
of middle and old adult males, the absence of young adult males and the lack of young adult
women in the mortuary context, as well as the relatively even spread of trauma between males
and females in the skeletal record.
Given that violence in next to absent in the Kayenta core/heartland, the presence of
violence at the periphery is interesting, especially at such high levels. When compared to
several other Southwestern populations, the frequency of trauma within Canyon de Chelly
was often times greater than other sites that share spatial or temporal similarities. The
frequency of violence is even greater at Canyon de Chelly than at the regions it border where
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violence has been well recorded by previous researchers. This implies that there is something
going on at the Kayenta periphery that increased violence in comparison to its core/heartland
as well as other Southwestern sites, and the argument is made here that it is the border space
in which Canyon de Chelly resides. Border spaces provide an avenue for the exchange of
people, culture and ideas, it makes sense that it would also provide an avenue for increased
violence and less than peaceful interaction.
These data also suggest that despite the possibility of dealing with raiding for their
resources, and their women, this population was no healthier or unhealthier than other sites in
the American Southwest, but are generally average. Within the population, males were likely
receiving the bulk of resources, which would makes sense, especially if males were responsible
for participating in warfare or protecting villages from raiders. Interestingly, there is no change
in stature over time, suggesting that the great drought that affected the region did not adversely
affect this population in terms of their overall nutrition, and quite possibly was not a push
factor to them abandoning the region at the end of the 1300s.
Finally, the implications of this research has to do with understanding the variation in
the Kayenta Ancestral Puebloan population as a whole. Traditional views of this population is
that they’re closed off and that they interact very little with cultural groups around them (that
they’re very insular). This may be the case for those individuals and groups living at the core,
but this is not the case for the groups living in the periphery, or at least those living at Canyon
de Chelly. There is a strong pattern of interaction with these people and their closest neighbors,
suggesting that they were not as insular as their core counterparts. This evidence shows that
there is a very different dynamic to the core and periphery Kayenta, and that positioning may
have something to do with how they interact with their neighbors.
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Contributions of This Research
This research contributes first and foremost to the story of Canyon de Chelly. The
reanalysis of demographic information using new methods and the analysis of health and
trauma using new interpretations and asking new questions gives a fresh perspective to this
population. While there were definitely some limitations to the data that this study was not
able to rectify, including sorting the remains by time period, analysis of every piece of skeletal
material has been conducted. What has been presented here is an interpretation of that
information based on what could be segregated and re-associated. While important, the
analysis of multiple and random skeletal elements did not bring anything to this research, thus
they are available in Appendix A, but they are not included within the body of this
dissertation.
The findings of this research does suggest that Canyon de Chelly experienced violence
within its borders based on the presence of cranial depression fractures and postcranial
fractures. Trauma here was also greater than many places in the American Southwest, and in
particular greater than at the Kayenta core/heartland. This suggests that the placement of
Canyon de Chelly at the border of Mesa Verde and Chaco Canyon influenced the experiences
of violence within this population and possibly that its positioning on the border cause it to be
the victim of raiding and short-term warfare.
This research also suggests that trauma and health might be correlated at Canyon de
Chelly with the frequency of porotic hyperostosis higher in those individuals with trauma, and
also the presence of postcranial pathology very high in those with trauma. Individuals with
trauma were also shorter than those without trauma, even if only by a few centimeters. Overall,
however, stature at Canyon de Chelly was pretty average when compared to other Southwestern
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sites, suggesting that as a population, they were no more or less healthier than their temporal
and spatial peers. This brings up an interesting question that has been posed many times
throughout the course of this dissertation: how do trauma and health relate to each other? How
does one influence the other? Is it trauma that eventually causes poor health, either through
compromised mental faculties due to traumatic brain injury, or is it poor health that eventually
causes trauma through compromised physical faculties? The correlation between poor health
and trauma would be a good question to further research, however, it is beyond the scope of
this research project.

Future Directions
Future research involving this collection should seek to further segregate the individual
skeletal remains into time periods. If the American Museum of Natural History is receptive to
it, future studies could incorporate carbon dating to attempt to date those remains that could not
be segregated by other means and to confirm time period associations of the remains that have
already been done. By completely segregating the remains, true sample sizes could be worked
with and a complete demographic reconstruction for this collection could be completed.
Additionally, DNA analysis would be useful to help associate postcranial remains with cranial
remains, especially in those instances where commingling has clearly taken place within a
burial/catalogue number. Again, this could also confirm the associations made by this study of
the cranial and postcranial remains to assure that they belong to the same individual.
Other future research should be focused on the concept of borderland living and to see
how much cross-over between the Kayenta and their neighbors may have actually occurred.
One avenue for this would be isotopic analysis. Isotopes have the potential to tell us if
individuals living at Canyon de Chelly belong there or if they migrated from elsewhere to the
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canyon. This could potentially inform us about migration pattern, intermarriage and even
potentially tell us about raiding for women. Likewise, skeletal collections from Mesa Verde
that border Canyon de Chelly should be reexamined for isotopic evidence that may suggest
that individuals might have been from the canyon rather than from the mesa in their early lives.
While the future research proposed above is destructive, it would provide invaluable
information about the daily lives and overall population patterns of the individuals living at
Canyon de Chelly. This information is not possible to get at any other way, and sometimes
destructive analysis is the last resort of researchers to complete puzzles of the past. In addition
to this, non-destructive analysis is always welcome and a continued comparison to
Southwestern sites as data become available will allow us to complete the big picture of what
this region was like through time and space. A standardize data collection method, like the one
offered in this dissertation will make this comparison much easier and much more meaningful
and should be considered by those undertaking the collection and analysis of data from skeletal
remains in the American Southwest.
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APPENDIX A: Random Element List
Site Name
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto

Burial Number
99-8291
99-8346-1
99-8346-2
99-8346-3
99-8347-1
99-8347-2
99-8347-3
99-8347-4
99-8347-5
99-8347-6
99-8348-1,2
99-8348-3
99-8348-4
99-8348-5
99-8348-6
99-8348-7
99-8348-8
99-8348-9
99-8349-1
99-8349-2
99-8350-1
99-8350-2
99-8350-3
99-8351-1
99-8351-2
99-8351-3

Canyon del Muerto

99-8352

Canyon del Muerto

99-8355

Canyon del Muerto

99-8362-1
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Element
Femur Epiphysis
Right Femur
Left Femur
Juvenile Right Femur
Left Tibia
Left Tibia
Left Tibia
Left Tibia
Right Tibia
Juvenile Right Tibia
Two Humeral Heads
Juvenile Left Femur
Right Humerus
Right Humerus
Left Humerus
Left Humerus
Left Humerus
Left Humerus
Left Fibula
Right Fibula
Right Radius
Right Radius
Juvenile Left Radius
Left Ulna
Left Ulna
Left Ulna
Right Os Coxae w/Partial
Fused Sacrum
Left Scapula
Left/Right Femur
Left/Right Tibia
Left Fibula
Left/Right Humerus
Left/Right Ulna
Left/Right Radius
Left/Right Clavicle
Left/Right Scapula
Sternal Body
10 Right Ribs
8 Left Ribs
2 Rib Shafts
1 Cervical Vertebra

Canyon del Muerto

99-8362-2

Canyon del Muerto

99-8364

Canyon del Muerto

99-8368-2

Canyon del Muerto

99-8372-1

Canyon del Muerto

99-8372-2

Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto

99-8378-1
99-8378-2
99-8378-3
99-8378-4
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1 Thoracic Vertebra
2 Lumbar Vertebra
Left Patella
Left Calcaneus, Left Talus
Left Clavicle
Left Scapula
Left/Right Femur
Right Tibia
Left 1st Rib
Left Acetabulum Portion and
Fragments
Left Superior Scapula
Humeral Head
Right 1st Rib
Left/Right Calcaneus, Talus,
Cuboid, 1st Cuneiform Right
2nd and 3rd Cuneiform 4
Proximal Phalanges; 4
Intermediate Phalanges; 4
Distal Phalanges
Left Metatarsals 2-4
Left Humerus
Left Radius
Left Ulna
Left/Right Femur
Left/Right Tibia
Atlas
4 Cervical Vertebrae
11 Thoracic Vertebrae
1 Right Rib
Left Trapezoid
Right Metatarsal 1
Mummified Left Foot
Mummified Right Foot
1 Distal Phalanx
Left 2nd Cuneiform
Left Metatarsal 5
Left/Right 1st Rib; 4 Right
Ribs; 1 Left Ribs
Left Humerus
Right Radius (possibly from
3rd individual)
Right Femur
Juvenile Right Femur
Right Femur
Right Femur

Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto

99-8378-5
99-8378-6
99-8378-7
99-8378-8
99-8378-9
99-8378-10
99-8378-11
99-8378-12
99-8378-13
99-8379-1
99-8379-2
99-8379-3
99-8379-4
99-8379-5
99-8379-6
99-8379-7
99-8379-8
99-8379-9
99-8382-1
99-8382-2
99-8382-3
99-8382-4
99-8382-5
99-8382-6
99-8382-7
99-8383-1
99-8383-2
99-8384-1
99-8384-2
99-8384-3
99-8384-4
99-8385-1
99-8385-2
99-8385-3
99-8385-4
99-8385-5
99-8385-6
99-8385-7
99-8386-1
99-8386-2

Canyon del Muerto

99-8387-1
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Juvenile Right Femur
Juvenile Right Femur
Juvenile Right Femur
Left Femur
Juvenile Left Femur
Left Femur
Juvenile Left Femur
Left Femur
Left Femur
Juvenile Right/Left Tibia
Juvenile Right/Left Tibia
Left Tibia
Left Tibia
Right Tibia
Juvenile Left Tibia
Right Tibia
Left Tibia Shaft
Left? Tibia Shaft
Left Fibula
Juvenile Right Fibula
Juvenile Left Fibula
Juvenile Right Fibula
Left Fibula
Right Fibula
Left Fibula
Left Ulna
Juvenile Right Ulna
Juvenile Os Coxae
Juvenile Os Coxae
Juvenile Os Coxae
Adult Os Coxae
Left Scapula
Left Scapula
Left Scapula
Right Scapula
Right Scapula
Right Scapula
Right Scapula
Sacrum
Juvenile Sacrum
Left/Right Scapula
Sternum
Let/Right Clavicle
7 Cervical Vertebrae; 3
Thoracic Vertebrae

Canyon del Muerto

99-8387-2

Canyon del Muerto

99-8389-2

Canyon del Muerto

99-8391-2

Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto

99-8391-3
99-8391-4
99-8391-5
99-8391-6
99-8391-7
99-8391-8
99-8393-2
99-8394
99-8395
99-8396-2
99-8396-3
99-8396-4
99-8396-5
99-8396-6
99-8397-1
99-8397-2
99-8397-3
99-8398-1
99-8398-2
99-8398-3
99-8398-4
99-8398-5
99-8394-6
99-8398-7
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11 Left Ribs; 12 Right Ribs
Coccyx Segments
Right Talus
Right Patella
5 Proximal Hand Phalanges;
1 Intermediate Phalange; 1
Distal Phalange
Left Scaphoid; Left Hamulus
Left Metacarpal 2, 4-5
3 Right Ribs; 4 Right Rib
Fragments
3 Rib Fragments
Right Clavicle
Left/Right Femur
Right Humerus
Right Ulna
Right Humerus
Left/Right Radius
1 1st Rib
Right Metacarpal 2
Left Cuboid
Juvenile Right Radius
Right Radius
Right Radius
Left Radius
Left Radius
Unknown Long Bone Shaft
Right Ulna
Left/Right Femur
Left/Right Tibia
Left Humerus
Left Humerus
Right Humerus
Right Humerus
Right Humerus
Left Fibula
Right Fibula
Right Fibula
Right Ulna
Right Ulna
Right Ulna
Left Ulna
Left Ulna
Left Ulna
Left Ulna

Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto

99-8398-8
99-8399-1
99-8399-2
99-8399-3

Canyon del Muerto

99-8400-1

Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto

99-8400-2
99-8401
99-8402
99-8403-1
99-8403-2
99-8404

Canyon del Muerto

99-8405

Canyon del Muerto

99-8472

Canyon del Muerto

99-8477-2

Canyon del Muerto

99-8480-2

Canyon del Muerto

99-8483-2

Canyon del Muerto
Canyon del Muerto

99-8485-2
99-8489

Canyon del Muerto

99-8858

Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto

99-8864
99-8865
99-8866
99-8867

Canyon del Muerto

99-9112-2
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Ulnar Shaft
Right Radius
Right Radius
Left Radius
Left/Right Young Adult
Clavicle
Right Clavicle
Right Os Coxae
Sacrum
Two Fused Lumbar Vertebrae
Lumbar Vertebra
Right Juvenile Femur
9 Thoracic Vertebrae; 3
Lumbar Vertebrae
6 Vertebral Bodies
3 Lumbar Arches, Fused
4 Thoracic Arches, Fused
1 Cervical Arch, Fused
½ Atlas Arch
7 Partial Arches/Bodies
Fusing
Right Calcaneus
Rib Head
Left/Right Metacarpal 3, 4
Right Metacarpal 1
Right Metatarsal 3
Right Metatarsal 2
Right Ulna
Lumbar Vertebra
1 Left Rib; Left 1st Rib
Left Calcaneus
Left Femur
Left/Right Metacarpal 4
Right Metatarsal 4, 5
Atlas Fragment
Left/Right Radius
Articulated L/R Os Coxae,
Sacrum and 3 Lumbar
Vertebrae
Left Femur
Right Tibia
Right Ulna
Left Radius
Right Calcaneus
Left Metatarsal 1-5
1 Cervical Vertebrae

Canyon del Muerto
Canyon del Muerto
Canyon del Muerto

99-9377-2
99-9377-3
99-9578

Canyon del Muerto

99-9579

Canyon del Muerto

99-9580

Canyon del Muerto

99-9581

Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto

99-9582
99-9583-1
99-9583-2
99-9583-3
99-9583-4
99-9583-5
99-9584
99-9585-1
99-9585-2
99-9586-1
99-9586-2
99-9587-1
99-9587-2
99-9588-1
99-9588-2
99-9588-3
99-9588-4
99-9588-5
99-9589-1
99-9589-2
99-9589-3

Canyon del Muerto

99-9590

108

Left Rib Shaft
4 Right Rib Heads
Lumbar Vertebra
Juvenile Neural Arch
Left/Right Os Coxae
Right Os Coxae
Sacrum
Juvenile Left Os Coxae
Left/Right Os Coxae
Sacrum
Coccyx Segment
5 Lumbar Vertebrae; 3
Thoracic Vertebrae
Bone Fragment
Left/Right Femur
Left Femur
Left Femur
Left Femur
Juvenile Left Femur
Right Femur
Juvenile Left/Right Tibia
Left Tibia
Left Tibia
Juvenile Left Fibula
Right Fibula
Left/Right Radius
Left Radius
Right Ulna
Right Ulna
Left Ulna
Left Ulna
Left Ulna
Juvenile Right Humerus
Left Humerus
Juvenile Right Humerus
Left Femur
Left Tibia
Left Fibula
Left Metatarsal 1-3, 5
4 Proximal Phalanges, 4
Intermediate Phalanges, 2
Distal Phalanges
Left Capitate, Left Hamate,
Left Triquetral, Left Pisiform,
Left Scaphoid

Canyon del Muerto

99-9591

Canyon del Muerto

99-9592

Canyon del Muerto

99-9593-1

Canyon del Muerto

99-9593-2

Canyon del Muerto

99-9594

Canyon del Muerto

99-9595

Canyon del Muerto

99-9596

Canyon del Muerto

99-9597

Canyon del Muerto

99-9598

Canyon del Muerto

99-9599

Canyon del Muerto

99-9600-1
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Right Lunate
Left Fibula
Left/Right Tibia
Left Talus
Left Patella
Left Calcaneus, Left
Navicular, Left Cuboid, Left
1st-3rd Cuneiform
5 Proximal Foot Phalanges, 4
Intermediate Phalanges, 5
Distal Phalanges
2 Sesamoid Bones
Left Metatarsal 1-5
Left Clavicle
Left Scapula
Left Humerus
4 Proximal Foot Phalanges, 1
Intermediate Phalanges, 1
Distal Phalanges
1 Sesamoid
Right Cuboid, Right 3rd
Cuneiform
Right Metatarsal 2-5
Left Metatarsal 5
Broken Talus Head
5 Proximal Foot Phalanges, 3
Intermediate Phalanges, 4
Distal Phalanges, 1
Intermediate/Distal Fused
Phalanx
1 Sesamoid Bone
Left Cuboid, Left Navicular,
Left 1st-3rd Cuneiform
Left Metatarsal 1-4
Broken Talus Head
Left Calcaneus, Left
Navicular
Left Humerus
Left Ulna
5 Lumbar Vertebrae
12 Thoracic Vertebrae
4 Lumbar Vertebrae
4 Thoracic Vertebrae
1 Cervical Vertebra
9 Thoracic Vertebrae
11 Right Ribs

Canyon del Muerto

99-9600-2

Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto
Canyon del Muerto

99-9600
99-9601
99-9602
99-9603
99-9604

Canyon del Muerto

99-9605-1

Canyon del Muerto

99-9605-2

Canyon del Muerto

99-9606-1

Canyon del Muerto

99-9606-2

Canyon del Muerto
Canyon del Muerto
Canyon del Muerto

99-9607-1
99-9607-2
99-9607-3

Canyon del Muerto

99-9608-2

Canyon del Muerto

99-9615-2

Canyon del Muerto

99-9615-3
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10 Left Ribs
2 Right Ribs
3 Left Ribs
1 Left Rib
Left Scapula
Sternum
Sternum
Right Calcaneus, Right Talus
Atlas, Axis
1 Cervical Vertebra
1 Thoracic Vertebra
1 Lumbar Vertebra
Atlas, Axis
Left Metacarpal 2-5
Right Metacarpal 1, 2
6 Proximal Phalanges, 3
Intermediate Phalanges, 2
Distal Phalanges
Left/Right Triquetral,
Left/Right Trapezoid, Left
Scaphoid, Left Hamate, Left
Pisiform, Left Lunate, Left
Capitate, Left Trapezium
Left Metacarpal 2, 4, 5
Left Capitate, Left Hamate,
Left Trapezoid, Left
Trapezium
Juvenile Right Tibia
Juvenile Right Tibia
Bone Fragments
Juvenile Talus
Left Rib
Right Radius
Right Ulna
Left Humerus
Left Radius
Left Ulna
Left/Right Scapula
Left/Right Clavicle
Sternum
Left/Right Calcaneus, Right
Talus, Left Navicular
Atlas
3 Cervical Vertebrae
10 Thoracic Vertebrae
1 Lumbar Vertebra

Canyon del Muerto

99-9616-2

Canyon del Muerto

99-9617-2

Canyon del Muerto

99-9617-3

Canyon del Muerto
Canyon de Chelly
Canyon de Chelly
Canyon de Chelly
Canyon de Chelly
Canyon de Chelly
Canyon de Chelly
Canyon de Chelly
Canyon de Chelly
Canyon de Chelly
Canyon de Chelly
Canyon de Chelly

99-9617-4
99-8380-1
99-8380-2
99-8380-3
99-8380-4
99-8380-5
99-8380-6
99-8380-7
99-8380-8
99-8380-9
99-8380-10
99-8857

Canyon de Chelly

99-9103-1
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Left Metatarsal 1-5
Left Metacarpal 1-5
Left Scaphoid, Left Lunate,
Left Capitate, Left Pisiform,
Left Trapezoid, Left Hamate,
Left Trapezium, Left
Triquetral
Atlas, Axis
3 Cervical Vertebrae
5 Proximal Phalanges
Left Capitate, Left Scaphoid,
Left Lunate
Left Metatarsal 1-5
Juvenile Right Ulna
Axis
2 Lumbar Vertebrae
7 Right Ribs
6 Left Ribs
9 Left Ribs
Right Humerus
Juvenile Right Humerus
Young Adult Right Humerus
Right Humerus
Right Humerus
Juvenile Right Humerus
Left Humerus
Left Humerus
Left Humerus
Left Humerus
Left/Right Humerus
Os Coxae Fragments
Sacrum
Left/Right Femur
Left/Right Tibia
Left/Right Fibula
Left/Right Humerus
Left/Right Radius
Left/Right Ulna
Left/Right Clavicle
Left Scapula
Right Scapula Fragments
Right Talus
Left Patella
Atlas, Axis

Canyon de Chelly
Canyon de Chelly

99-9103-2
99-9103-3

Canyon de Chelly

99-9108-2

Canyon de Chelly

99-9113-2

Canyon de Chelly

99-9113-3

Canyon de Chelly

99-9116-2

Canyon de Chelly

99-9122-2

Canyon de Chelly
Canyon de Chelly

99-9354-2
99-9359-1

Canyon de Chelly

99-9359-2

Canyon de Chelly

99-9359-3

Canyon de Chelly

99-9359-4

Canyon de Chelly

99-9359-5

Canyon de Chelly

Canyon de Chelly

99-9359-6

99-9359-7
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2 Cervical Vertebrae, 12
Thoracic Vertebrae, 4
Lumbar Vertebrae
8 Left Ribs
3 Right Ribs
Left/Right Metacarpal 1, 4
Left Metacarpal 2
Right Metacarpal 3
Metacarpal 5
2 Proximal Phalanges
Left Femur
Juvenile Long Bone
Left Rib Head
Thoracic Neural Arch
Right 1st Cuneiform, Left 3rd
Cuneiform
Left Metatarsal 1, 3
1 Proximal Phalanx
5 (broken) Thoracic Neural
Arches
5 Thoracic bodies
Infant Humerus
Distal Femur
Left/Right Acromion Process
of Scapula
Left/Right Scapula
Sacrum
Right Metatarsal 3
Right Capitate
Juvenile Right Femur
Juvenile Right/Left Tibia
Juvenile Fibula
Infant Right Femur
Juvenile Right Femur
Juvenile Right/Left Tibia
Juvenile Right/Left Fibula
Juvenile Right/Left Femur
Juvenile Right/Left Tibia
Juvenile Right/Left Fibula
Juvenile Right/Left Humerus
Juvenile Left Ulna
Juvenile Left Clavicle
Juvenile Left Ilium/Ischium
Juvenile Right Humerus
Juvenile Left Ulna
Juvenile Left Radius

Canyon de Chelly

99-9364

Canyon de Chelly
Canyon de Chelly
Canyon de Chelly

99-9369-2
99-9372-2
99-9372-3

Canyon de Chelly

99-8855

Canyon de Chelly

99-9372-1

Canyon de Chelly

99-9122-1
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Juvenile Right Scapula
Juvenile 2 Left Ribs
Juvenile 1 Lumbar Vertebra
Juvenile Right/Left Ischium
Juvenile Left Ischium
Left/Right Scapula
Sternum
Left Clavicle
4 Left Ribs
10 Right Ribs
4 Cervical Vertebrae, 12
Thoracic Vertebrae, 4
Lumbar Vertebrae
Left Calcaneus
Left 1st Rib
Juvenile Right Tibia
Juvenile Right Clavicle
Young Adult Right/Left Os
Coxae
Young Adult Sacrum
Juvenile Left/Right Ilium
Juvenile Left/Right Femur
Juvenile Left/Right Tibia
Juvenile Right Ulna
Juvenile Left/Right Scapula
1 Juvenile Lumbar Vertebra
8 Juvenile Vertebral Bodies
11 Juvenile Neural Arches
10 Juvenile Right Ribs
4 Juvenile Left Ribs
Left/Right Femur
Left/Right Tibia
Left/Right Fibula
Left/Right Humerus
Left/Right Radius
Left/Right Ulna
Sacrum
Left/Right Scapula
Left/Right Clavicle
6 Right Ribs/Rib Heads, 2
Right Rib Ends
4 Left Ribs
2 Unsided Ribs
8 Rib Shaft Fragments
Atlas, Axis

5 Cervical Vertebrae, 12
Thoracic Vertebrae, 5
Lumbar Vertebrae
(1 possible sacral fragment or
vertebra belonging to a
second individual)
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APPENDIX B. Combined cranial and postcranial remains at Canyon de Chelly
Catalogue
Number
99-8355
99-8356
(Individuals
1 and 2)*
99-8357
99-8358
99-8359
99-8360
99-8361
99-8363
99-8365
99-8368
99-8370
99-8373
(Individuals
1 and 2)*
99-8374
99-8375
99-8376
99-8377
99-8388
99-8389
99-8390
99-8391
99-8392
99-8393
99-8396
99-8469

Associated
Crania?
Y

Associated
Time Period
BM

Cranial
Trauma
N

Postcranial
Trauma
Y

CO Present

PH Present

N

Y

Postcranial
Pathology?
Y

Y

-

-

-

-

-

-

Y
Y
N
Y
Y
N
N
Y
Y

P
Unk
BM
BM
P
BM

Y
N
Y
N
N
N

N
N
N
N
N
N

N
N
N
Y
Y
N

Y
Y
N
N
N
Y

Y
N
Y
N
N
N

N

-

-

-

-

-

-

Y
N
Y
N
Y
Y
Y
Y
Y
N
N
Y

P
BM
P
BM
P
BM
P
BM

Y
Y
N
Y
Y
Y
Y
N

Y
N
N
Y
Y
N
N
N

N
N
N
Y
N
N
N
N

Y
N
N
N
Y
N
Y
N

N
Y
Y
Y
Y
Y
Y
N
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99-8471
99-8473
99-8474
99-8476
99-8477
99-8478
99-8480
99-8483
99-8485
99-9112
99-9376
99-9377
99-9378
99-9608
99-9610
99-9611
99-9612
99-9613
99-9614
(Individuals
1 and 2)*
99-9615
99-9616
99-9617
99-9618
99-9102
99-9106
99-9110
99-9113
99-9353
99-9356
99-9368

Y
Y
Y
N
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

BM
P
P
BM
BM
BM
BM
BM
BM
P
P
Unk
BM
Unk
P
P
P

N
Y
N
Y
Y
Y
N
Y
Y
Y
N
N
N
N
Y
Y
N

Y
Y
N
N
N
N
N
N
N
Y
N
N
N
N
N
N
N

N
N
N
Y
N
N
N
Y
N
N
N
N
N
N
Y
N
N

N
Y
Y
Y
Y
Y
Y
N
Y
Y
Y
N
N
N
N
Y
N

Y
Y
N
N
N
N
N
N
Y
Y
Y
N
Y
Y
N
Y
N

Y

-

-

-

-

-

-

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

BM
BM
BM
BM
Unk
P
P
Unk
Unk
BM
P

Y
N
Y
N
N
Y
Y
N
Y
N
N

N
N
Y
N
N
N
N
N
N
N
Y

N
N
N
N
N
N
N
N
N
N
Y

Y
N
Y
N
Y
Y
Y
Y
Y
Y
N

Y
N
Y
N
Y
Y
Y
N
Y
N
N
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99-9370
99-9371
99-9369
99-9374
99-9101
99-9104
99-9108
99-9114
99-9105
99-9107
99-9109
99-9115
99-9116
99-9117
99-9118
99-9354
99-9360

Y
BM
N
N
N
Y
Y
BM
N
N
N
Y
Y
P
N
N
N
N
N
Y
P
N
N
Y
N
Y
P
N
N
Y
N
Y
P
N
N
Y
Y
Y
P
N
N
Y
N
Y
BM
N
N
N
Y
Y
P
Y
N
N
Y
Y
P
Y
N
N
Y
Y
BM
Y
N
N
Y
Y
Unk
N
N
N
Y
Y
P
N
N
N
Y
Y
P
Y
Y
Y
Y
Y
BM
N
N
N
Y
Y
BM
N
N
N
Y
*Individuals removed from analysis due to commingling within burial/catalogue number.
BM=Basketmaker; P=Pueblo; Unk = Unknown
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N
N
N
N
N
N
N
N
N
Y
N
N
Y
Y
Y
N

APPENDIX C:
DATA COLLECTION SHEET
Associated Post-Crania

Y

N

CRANIAL DATA SHEET
Site Name
Recorder

Burial #
Date

Project ID
Collection
Age

Buikstra and Ubelaker (1994) / Meindl and Lovejoy (1985)
Open
(0)

Minimal Closure
(1)

Significant Closure
(2)

Completely Obliterated
(3)

Unobservable
(9)

1. Midlambdoid

2. Lambda

3. Obelion

4. Anterior Sagittal

5. Bregma

7. Pterion

8. Sphenofrontal

10. Superior
Sphenotemporal

11. Incisive Suture

6. Midcoronal
9. Inferior
Sphenotemporal
12. Anterior Median
Palatine Suture

13. Posterior Median
Palatine Suture

14. Transverse
Palatine Suture

16. Lambdoid

17. Coronal

Vault (1-7)
Complete Skull (1-17)
Comments:

M

U

15. Sagittal

Lateral-anterior (6-10)
M

M

U

U

Sex
Buikstra and Ubelaker (1994)
Female
(1)

Probable Female
(2)

Nuchal Crest
Supra-Orbital Margin
Mental Eminence

Indeterminate
(3)
M

U

M

U

M

U

Comments:
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Probable Male
(4)

Mastoid Process
Supra-Orbital Ridge

Male
(5)
M

U

M

U

CRANIAL DATA SHEET
Trauma
Cranial Depressions
Shallow

Deep

Depth

l

Location

Slight

w

d

Antemortem

Size (mm)

Moderate

Type
0

Severe

Perimortem

Severity

1

2

3

Stage of Healing

Comments:

Cranial Depressions
Shallow

Deep

Depth

l

Location

Slight

w

d

Antemortem

Size (mm)

Moderate

Type
0

Severe

Perimortem

Severity

1

2

3

Stage of Healing

Comments:

Cranial Depressions
Shallow

Deep

Depth

l

Location

Slight

w

d

Antemortem

Size (mm)

Moderate

Type
0

Severe

Perimortem

Severity

1

2

3

Stage of Healing

Comments:

Cranial Depressions
Shallow

Deep

Depth
Slight

l

Location

w

d

Antemortem

Size (mm)

Moderate

Severe

Severity

Perimortem

Type
0

1

2

Stage of Healing

Comments:
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3

CRANIAL DATA SHEET
Trauma
Other Fractures
x

Fracture
Slight

Location

Antemortem

Size (mm)

Moderate

Severe

Perimortem

Type
0

Severity

1

2

3

Stage of Healing

Comments:

Antemortem

x

Fracture
Slight

Location

Perimorte

Size (mm)

Moderate

Severe

Type
0

Severity

1

2

3

Stage of Healing

Comments:

x

Fracture
Slight

Location

Antemortem

Size (mm)

Moderate

Severe

Perimortem

Type
0

Severity

1

2

3

Stage of Healing

Comments:

x

Fracture
Slight

Location

Antemortem

Size (mm)

Moderate

Severe

Perimortem

Type
0

Severity

1

2

3

Stage of Healing

Comments:

x

Fracture
Slight

Location

Antemortem

Size (mm)

Moderate

Severe

Severity

Perimortem

Type
0

1

2

Stage of Healing

Comments:

120

3

CRANIAL DATA SHEET
Pathology
Cribra Orbitalia

Porotic Hyperostosis

x

Nutritional Anemia
Slight

Moderate

Location

Size (mm)

Severe

Active

Severity

Healing

Healed

Stage of Healing

Comments:

Cribra Orbitalia

Porotic Hyperostosis

x

Nutritional Anemia
Slight

Moderate

Location

Size (mm)

Severe

Active

Severity

Healing

Healed

Stage of Healing

Comments:

x

Other
Slight

Location

Moderate

Severe

Size (mm)
0

Severity

1

2

3

Stage of Healing

Comments:

x

Other
Slight

Location

Moderate

Severe

Severity

Size (mm)
0

1

2

Stage of Healing

Comments:
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3

Associated Crania

Y

N

POST-CRANIAL DATA SHEET
Site Name
Recorder

Burial #
Date

Project ID
Collection
Age

Todd (1920) / Brooks and Suchey (1990) / Lovejoy et al. (1985)
I
(18-19)

II
(20-21)

III
(22-24)

IV
(25-26)

V
(27-30)

VI
(30-35)

VII
(35-39)

VIII
(39-44)

X
(50

IX
(44-50)

+)

Pubic Symphysis
Phase 1
M (18.5) R (15-

Phase 2
M (23.4) R (19-

23)

34)

Phase 3
M (28.7) R (21-46)

Phase 4
M (35.2) R (23-57)

Phase 5
M (45.6) R (27-66)

(34-86)

Pubic Symphysis
Phase 1
(20-24)

M
U
Phase 6
M (61.2) R

M

Phase 2
(25-29)

Phase 3
(30-34)

Phase 4
(35-39)

Phase 5
(40-44)

Phase 6
(45-49)

Phase 7
(50-59)

Auricular Surface
Comments:

U
Phase 8
(60+)

M

U

Sex
Phenice (1969) / Buikstra and Ubelaker (1994)
Female
(1)

Ambiguous
(2)

Ventral Arch
Ischiopubic

M

Male
(3)

Subpubic Concavity

U
M

M

U

U

Ramus
Female
(1)

Probable Female
(2)

Sciatic Notch
Comments:

Indeterminate
(3)
M

Probable Male
(4)

Male
(5)

U

Stature
Femur
Max length
Comments:

M

Tibia

U

Stature

Max length

M

U

M

U

Stature

Robusticity
Humerus
Least Circ
Max Length

M

U

Femur
A-P Diam
M-L Diam
Physiological Length
Robusticity

Robusticity
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POST CRANIAL DATA SHEET
Entheses
Mariotti et al. (2007)
Low-Medium
(1)

Humerus

Radius
Ulna
Femur
Tibia
Comments:

High
(2)

Very High
(3)

Unobservable
(9)

Pectoralis major
Deltoideus
Brachioradialis
Biceps brachii
Triceps brachii
Brachialis
Gluteus maximus
Iliopsoas
Quadriceps tendon

M

U

M

U

M

U

M

U

M

U

M

U

M

U

M

U

M

U

M

U

M

U

M

U

M

U

M

U

Musculoskeletal Stress Markers
Capasso et al. (1999)
Present
(1)

Femur

Tibia
Sacroiliac
Comments:

Absent
(2)

Poirier’s Facet
Peritrochlear Groove
Posterior Cervical Imprint
Squatting Facet
Accessory Facet
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Unobservable
(9)

POST CRANIAL DATA SHEET
Trauma
x

Bone
Slight

Location

Antemortem

Size (mm)

Moderate

Severe

0

Severity

Perimortem

Type
1

2

3

Stage of Healing

Comments:

x

Bone
Slight

Location

Antemortem

Size (mm)

Moderate

Severe

0

Severity

Perimortem

Type
1

2

3

Stage of Healing

Comments:

x

Bone
Slight

Location

Antemortem

Size (mm)

Moderate

Severe

0

Severity

Perimortem

Type
1

2

3

Stage of Healing

Comments:

x

Bone
Slight

Location

Antemortem

Size (mm)

Moderate

Severe

0

Severity

Perimortem

Type
1

2

3

Stage of Healing

Comments:

x

Bone
Slight

Location

Antemortem

Size (mm)

Moderate

Severe

Severity

0

Perimortem

Type
1

2

Stage of Healing

Comments:
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3

POST CRANIAL DATA SHEET
Pathology
Generalized

Localized

x

Infection

Bone

Slight

Location

Moderate

Severe

0

Severity

Size (mm)
1

2

3

Stage of Healing

Comments:

Generalized

Localized

x

Infection
Slight

Bone

Location

Moderate

Severe

0

Severity

Size (mm)
1

2

3

Stage of Healing

Comments:

x

Other
Slight

Bone

Location

Moderate

Severe

0

Severity

Size (mm)
1

2

3

Stage of Healing

Comments:

x

Other
Slight

Bone

Location

Moderate

Severe

Severity

0

Size (mm)
1

2

Stage of Healing

Comments:
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3

APPENDIX D:
DATA COLLECTION FIELD MANUAL

FIELD MANUAL
Non-Lethal Violence and Musculoskeletal Stress

Compiled by:
Ryan P. Harrod and Kathryn M. Baustin

Department of Anthropology
University of Nevada, Las Vegas
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Age
Buikstra and Ubelaker (1994) / Meindl and Lovejoy (1985)

White and Folkens (2005, p. 370)
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Sex
Buikstra and Ubelaker (1994)

White and Folkens (2005, pp. 390-391)

128

Age
Todd (1920)

White and Folkens (2005, pp. 376-377)
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VI (30-35): More difficult to appraise
correctly; essential feature is completion
of oval outline of symphyseal face. More
individual variation than at younger
a g e s ; terminal phases affect relatively
minor details. Also, tendency for
terminal phase to be cut short. Increasing
definition of extremities; development
and practical completion of ventral
rampart; retention of grandular
appearance of symphyseal face and
ventral aspect of pubis; absence of
lipping of symphyseal margin.

I (18-19): Symphyseal surface rugged,
transverse by horizontal ridges separated
by well-marked grooves; no ossific
nodules fusing with the surface; no
definite delimiting margin; no definition
of extremities.
II (20-21): Symphyseal surface still
rugged, transverse by horizontal ridges,
the grooves between which are,
however, becoming filled near the dorsal
limit with a new formation of finely
textured bone. This formation begins to
obscure the hinder extremities of the
horizontal ridges. Ossific nodules fusing
with the upper symphyseal face may
occur; dorsal limiting margin begins to
develop; no delimitation of extremities;
foreshadowing of ventral bevel.

VII (35-39): Paramount feature: Face
and ventral aspect change from
grandular texture to fine-grained or
dense bone. Changes in symphyseal face
and ventral aspect of pubis consequent
upon diminishing activity; commencing
bony outgrowth into attachments of
tendons and ligaments, especially the
gracilis tendon and sacrotuberous
ligament.

III (22-24): Symphyseal face shows
progressive formation of the dorsal
plateau; presence of fusing nodules;
dorsal margin gradually becoming more
defined; beveling as a result of ventral
rarefaction becoming rapidly more
pronounced; no delimitation of
extremities.

VIII (39-44): Symphyseal face generally
smooth and inactive; ventral surface of
pubis also inactive; oval outline complete
or approximately complete; extremities
clearly defined, no distinct
“rim” to symphyseal face; no marked
lipping of either dorsal or ventral
margin.

IV (25-26): Great increase of ventral
beveled area; corresponding delimitation
of lower extremity.
V (27-30): Little or no change in
symphyseal face and dorsal plateau,
except that sporadic and premature
attempts at the formation of a ventral
rampart occur; lower extremity, like the
dorsal margin, is increasing in clearness
of definition; commencing formation of
upper extremity with or without the
intervention of a bony (ossific) nodule.

IX (44-50): Characterized as wellmarked “rim.” Symphyseal face presents
a more or less marked rim; dorsal
margin uniformly lipped; ventral margin
irregularly lipped.
X (50+): Rarefaction of face and
irregular ossification. Symphyseal face
eroded and showing erratic ossification;
ventral border more or less broken
down; disfigurement increases with age.
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Brooks and Suchey (1990)

White and Folkens (2005, p. 378)

131

Lovejoy and colleagues (1985)

White and Folkens (2005, pp. 382-383)

132

Sex
Phenice (1969)

Phenice (1969, p. 299)

133

Buikstra and Ubelaker (1994)

White and Folkens (2005, p. 393)

134

Stature
Genovés (1967) with revision by Del Angel and Cisneros (2004)

Femur
Female 2.59 (maximum length) + 49.742 ± 3.816
Male
2.26 (maximum length) + 66.379 ± 3.417

Tibia
Female 2.72 (maximum length minus tuberosity) + 63.781 ± 3.513
Male
1.96 (maximum length minus tuberosity) + 93.752 ± 2.812

Bass (2005, pp. 149, 224, 246)

Robusticity
Bass (2005)

Humerus
least circumference of the shaft x 100
maximum length

Femur
anterior-posterior + mediolateral diameter of midshaft x 100
bicondylar (physiological) length
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Entheses
Mariotti and colleagues (2007)

Humerus
Pectoralis major

Mariotti et al. (2007, p. 304)

1. The crest of the greater tubercle is:
a – slight impression: only slightly raised and its surface is smooth.
b – low development: only slightly raised and its surface is slightly irregular.
c – medium development: raised and with irregular surface.
2. high development: the crest is raised and its surface is rugose.
3. very high development: the crest is very raised and rugose, often in the form of a
lanceolate, olive leaf-shaped area, with well-defined margins and often grooved by a
longitudinal fossa.
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Deltoideus

Mariotti et al. (2007, p. 305)

1.
a – slight impression: the anterior and lateral crests of the deltoid tuberosity are only barely
appreciable and the surface is smooth.
b – low development: the anterior and lateral crests are not very marked and the surface
may be rugose.
c – medium development: the crests are well visible and the lateral one protrudes, slightly
altering the profile of the bone; the surface may be rugose.
2. high development: the anterior and lateral crests are raised and rugose. The lateral crest
protrudes, altering the profile of the bone.
3. very high development: the anterior and lateral crests are very raised and/or rugose,
and the lateral crest is very protruding.
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Brachioradialis

Mariotti et al. (2007, p. 306)

1.
a – slight impression: the latero-inferior margin is smooth.
b – low development: the latero-inferior margin presents, anteriorly, a barely appreciable
crest.
c – medium development: the margin can present a flattened and rugose inverted “v”
anterior zone, or a little crest curved or lipped anteriorly.
2. high development: the latero-inferior margin presents a crest curved anteriorly.
3. very high development: the lateral part of the inferior quarter of the bone is “sail-like”
and presents a very developed crest curved anteriorly.
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Radius
Biceps brachii

Mariotti et al. (2007, p. 306)

1.
a – slight impression: there is only a slight swelling at the bicipital tuberosity, with smooth
surface.
b – low development: the bicipital tuberosity appears as an oval swelling with rounded
margins; the muscle markings, in the form of surface irregularities, are weak and they are
usually more evident on the medial margin.
c – medium development: the lateral margin of the tuberosity is rounded, but the medial
margin is more developed; the surface of the tuberosity is irregular and often grooved by a
little longitudinal fossa or sulcus.
2. high development: the tuberosity, especially the medial margin, is very prominent. The
surface can be more or less rugose and may be grooved by a longitudinal fossa or sulcus.
3. very high development: the tuberosity is very prominent and its margins, especially the
medial, are very well developed and may form a raised border.
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Ulna
Triceps brachii

Mariotti et al. (2007, p. 308)

1.
a – slight impression: the posterior surface of the olecranon is rounded and presents only a
few markings, generally in the form of longitudinal striae.
b – low development: in lateral view, the angle between the posterior and superior
surfaces of the olecranon tends toward a right angle, and vertical striae are usually present
on the crest.
c – medium development: the posterior and superior surfaces of the olecranon form a right
angle, with evident muscle markings, generally in the form of longitudinal striae.
2. high development: the posterior and superior surfaces of the olecranon meet to form a
crest that is slightly raised with respect to the superior surface of the olecranon. Markings
are visible on the crest, usually in the form of longitudinal striae or small ridges.
3. very high development: the crest is raised and its surface is rough, usually with small
ridges or incipient digitations. Often, true enthesophytes are present.
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Brachialis

Mariotti et al. (2007, p. 309)

1.
a – slight impression: the ulnar tuberosity is only barely appreciable and its surface is
only slightly irregular.
b – low development: the tuberosity is in the form of an oval area, often slightly
depressed at the centre
c – medium development: idem, but a bit more raised and rugose.
2. high development: the tuberosity presents well-defined margins and is very rugose.
3. very high development: the tuberosity is very raised and rugose, possibly with very
elevated margins.
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Femur
Gluteus maximus

Mariotti et al. (2007, p. 309)

1.
a – slight impression: the insertion area is barely perceptible to the touch and presents a
smooth surface.
b – low development: the insertion area is easily distinguished and the surface is generally
rather smooth.
c – medium development: the gluteal ridge is evident and its surface is irregular or rugose.
2. high development: raised ridge with rough surface.
3. very high development: well-defined and very raised ridge; there may be a deep and
rugose fossa, with its medial border forming a crest.
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Iliopsoas

Mariotti et al. (2007, p. 310)

1.
a – slight impression: the lesser trochanter presents rounded margins and the surface is
smooth.
b – low development: the lesser trochanter presents rounded margins (the medial one
more sharply angled) and the surface has weak markings, generally in the form of
transverse striae.
c – medium development: the medial margin of the lesser trochanter is sharply angled
and the markings (striae or rugosity) are evident.
2. high development: the apex of the lesser trochanter may be flattened and the surface
presents transverse striations; the medial margin is sharply angled, and the muscle
markings (rugosity) may extend downward on the side of the lesser trochanter.
3. very high development: the medial margin is lipped and the muscle markings
(rugosity) can present an inferior extension on the side of the trochanter towards the
femoral shaft. At times, the lesser trochanter may be flattened or have a very flattened
and rugose superior facet.
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Tibia
Quadriceps Tendon

Mariotti et al. (2007, p. 311)

1.
a – slight impression: the tuberosity, consisting in a smooth superior part and an inferior
part usually marked by longitudinal striae, does not interrupt the continuity of the shaft; b
– low development: the superior part (smooth) of the tuberosity and the inferior part (with
the longitudinal striae) are separated by a sulcus;
c – medium development: the inferior part has a rough surface and there may be a lateral
swelling.
2. high development: a true crest is present at the proximal end of the inferior part of the
tuberosity.
3. very high development: the tuberosity presents a true crest, often running diagonally
from the infero-lateral to supero-medial part of the bone, with incipient digitations. Often
true enthesophytes are present.
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Musculoskeletal Markers
Capasso and colleagues (1999)

Femur
Poirier’s Facet

Capasso et al. (1999, p. 104)

Posterior Cervical Imprint

Capasso et al. (1999, p. 106)
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Peritrochlear Groove

Capasso et al. (1999, p. 105)

Tibia
Squatting Facets

Capasso et al. (1999, p. 127)

146

Sacroiliac
Accessory Facets

Trotter (1940, p. 294)

Capasso et al. (1999, p. 98)
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2012 Caryn E. Tegtmeyer and Michelle D. Hamilton
“A Comparative Analysis of Serrated and Non-Serrated Knife Trauma”. Poster
presentation at the 8 1 s t annual meeting of the American Association of Physical
Anthropologist, Portland, Oregon.
2011 Caryn E. Tegtmeyer and Michelle D. Hamilton
“Patterning of Serrated and Non-Serrated Sharp Force Trauma to Bone”. Podium
presentation at the a n n ua l meeting of the Texas Association of Biological
Anthropologists, San Marcos, TX.
2011 Caryn E. Tegtmeyer and Kyra Stull
“The Girl Who Cried Mandible”. Podium presentation at the annual meeting of the
Mountain, Desert, and Coastal Forensic Anthropologists, Boulder City, NV.
Conference Sessions
2016 (with Debra L. Martin) Co-Organizer
“Injury Recidivism and Violence: Perspectives from Bioarchaeology and Forensic
Anthropology”. Poster session held at the 85th annual meeting of the American
Association of Physical Anthropologists, Atlanta, GA.
2014

(with Debra L. Martin) Co-Chair, Co-Organizer
“On the Battlefields of Women and Children’s Bodies: Bioarchaeological Approaches
to Warfare ( Part II). Podium session held at the 113th annual meeting of the
American Anthropological As s o ci at i o n, Washington D.C.

2014

(with Debra L. Martin) Co-Chair, Co-Organizer
“On the Battlefields of Women and Children’s Bodies: Bioarchaeological Approaches
to Warfare ( Part I). Podium session held at the 113th annual meeting of the
American Anthropological As s o ci at i on , Washington D.C.

Field Schools/Study Abroad
Study Abroad
“Forensic Anthropology and Human Identification in England”
Michigan State University
Headed by Drs. Todd Fenton and Norman Sauer
Archaeological Field School; Socorro County, NM
“Frank’s Ruin” Archaeological Field School (LA-9032)
Michigan State University
Principal Investigator: Dr. Alison E. Rautman
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July 2008

July 2007

Archaeological Field School; Cortez, Colorado
Crow Canyon Archaeological Center

June 2004; 2006

Service

Academic
Rebels Rise
Graduate Student Volunteer
University of Nevada, Las Vegas

Oct 25, 2016

Anthropology Department Open House
Graduate Student Volunteer
University of Nevada, Las Vegas

2016, 2015
2014, 2013

GPSA Research Forum
Graduate Student Volunteer
University of Nevada, Las Vegas

April 25, 2015

UNLV Research Fair
Graduate Student Volunteer

Nov 10, 2014

2nd Annual Western Bioarchaeology Group Meeting
2014 Local Meeting Planning Committee
14th Annual Southwest Symposium
Graduate Student Volunteer

Oct 10-11 2014

Jan 10-11, 2014

Professional
Ad Hoc Reviewer
International Journal of Osteoarchaeology

Public Outreach
Mammoth Murder
Volunteer
Las Vegas Natural History Museum

Mar 18, 2017

Westwood High School
Guest Lecturer:
“An Introduction to Forensic Anthropology”

Jan 20, 2012

San Antonio Police Training Academy
Mar 29; Aug 17 2011
Guest Lecturer:
“What is the Forensic Anthropology Center, and what is the Forensic Research Facility”
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Professional Affiliations
International Association of Coroners and Medical Examiners – Fellow (2016-present)
Society for American Archaeology – Student Member (2014-present)
Paleopathology Association – Student Member (2012-present)
American Academy of Forensic Science – Student Affiliate; Anthropology section (2011present) American Association of Physical Anthropology – Student Member (2008-present)
American Anthropological Association – Student Member (2008-present)
Student and Academic Organizations
Lambda Alpha – Alpha Nevada – Member: Sep 2013-Sep 2017
 Elected Treasurer: May 2014-May 2016
UNLV Anthropology Society – Member: Sep 2013-May 2017
Texas State Experimental Archaeology Club – Member: Sep 2011-May 2012
Michigan State Undergraduate Anthropology Club
 Vice President: Aug 2009-Dec 2009; Elected Secretary: June 2008-Dec 2009
 General Member: Sep 2006-May 2010
Future Forensic Scientists of MSU – Member: Sep 2009-May 2010
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